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IPOPULAR SCIENCE REVIEW. 



I AMONG THE VOLCANOS AND GLACIERS OF 
AUVERGNE. 

Br mG Rev. W. S. SY.UOXDS, op Pktoock. 
[PLATE I.] 



IN Central France, aa is well known, some very interesting 
volcanic phenomena arc displayed in the country of the 
Auvergne and Ard^he. These volcanic phenomena must once 
have exhibited igneous activity upon the very grandest scale, 
and 1 have little doubt the igneous forces have been renewed 
from time to time from the eocene epoch of Sir Charles Lyell 
down to a comparatively modem period. Having visited this 
country now on three separate toura, in company with my friend 
Sir William Guise, and accompanied on the last occasion by 
Sir David Wedderbum and Sir. Lucy, members of the Cotswold 
Club, I would call the attention of our brother geologists, 
through the pages of the " Popular Science Review," to certain 
phenomena we thought worthy of stricter attention than it was 
in our power to give, and at the same time I will endeavour to 
give some information as to the beat way of seeing, in succe^ion, 
the grand displays of geological phenomena presented to our view. 
In the regions of the Mont Dove and the Cantal we find the 
relics of vast insulated volcanic mountains, like Mount Etna, 
which have been dormant for ages, and which everywhere ex- 
hibit proofs of the enormous denudation they have imdergone 
KiDce their lava streams flowed from their craters, or the lighter 
materials, such as scoriie, pumice, tuffs, and volcanic ashes 
enveloped their cones. Atmospheric agencies, snows and frosts, 
ttreams and rivulets, and, in later times, the glacier, have 
utterly obliterated the volcanic cones, and these old miocene 
Tolcanos are laid bare even to their moat inmost recesses. 
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Again, in the Chain of " Puys " near Clermont Ferrand, or 
the Mcmta D&nie, as also in those near the picturesque town of 
Le Puy in the Haute Loire, and near Vals, MontpSzat, and 
Aubenas, in the Ardeche, we have examples of cones of 
igneous eruption which are of very recent date compared with 
the miocene volcauoa of Mont Dore and the Cantal. Like 
the Vatna Joknll in Iceland, as described by Mr. Watts, the 
Monts Dome must have formerly been a nest of volcanos, and 
the region around ' a country mourning in ashes and howling 
with desolatioQ.' But comparatively recent as have been the 
volcanic outbursts of the Puys de Dome, compared with those 
of Mont Dore and the Cantal, sufficient time has elapsed for 
streams to cut deeply into their most modern lava currents ; 
vineyards cluster on their hiIl>sIopes, beautiful woods grow 
in the rock gorges, and very old churches are built of the lava 
rock which once flowed in molten streams from their craters ; 
while the fig tree bears its fruit where the ashes of the volcanos 
must have once darkened the air. 

Before the geologist directs his attention to the district round 
Clermont Ferrand we recommend him to examine first the envi- 
rons of Moulhis, where are displayed the most northerly exten- 
eions of tbe sediments of that great freshwater lake of La Li- 
tnagne d'Auvergne, whose waters once extended from Moulins in 
the north to Brioude, near Le Puy, in the south. Moulins itself 
is 8 quaint old place, through which the Allier flows wide and 
£ree,a very different stream from what we behold it when rushing 
among the hills of the Haute Loire. The great plain of the 
ancient fresh-water lake widens out as we proceed southwards, 
and in the summer-time green vineyards cover the lower elopes 
of the hills which rise above it. Gannat also requires especial 
attention on the part of the geologiiit, for both here and at 
Moulins there are indications of tertiary beds older than those in 
the Clermont Ferrand country. The Gannat beds furnish vast 
numbers of the thin shells or valves of Cyprides, small cni9- 
taceans which lived in millions in the waters of the ancient lake. 
Mammalian relics, too, are found in the basement strata at 
Gannat, Moulins, and Le Puy en Velay, which belong to eocene 
genera, for among them oie those true eocene animals, the 
Palieotherium and Hy^enodon, which occur also in the eocene 
strata of Hampshire and the Isle of Wight. Again, we have to 
account, as Mr. Scrope has pointed out, for the difference of 
level in the freshwater beds towards the north at Moulins, and 
southward near Issoire, where they attain a height of 2,700 ft,, 
while the elevation north of Motdins is below 1,000 ft. 
I imagine that the Moulins country was depressed, and that 
the miocene beds above the eocene have there been denuded. 

At Aigueperae a higher series of strata overlies the Gannat 
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beds, and these would seem to be of miocene nge, as they have 
yielded bones of miocene animals. As far as I understand, the 
Aigueperse beds are overlain by the indusial limestone, which 
is characteristic of Gergovia and other localities near Clermont 
Ferrand, and which is so termed from the abimdance of the 
cases (or indti^icE) of ancient caddis worms which enter into 
its structure. Theae cases were once the abode of the larvfe 
of a kind of fly {Phryijane.tx') which frequented the waters of 
the miocene lake in shoals. Around the tubes of the caddis 
worms are attached numerous minute freshwater shells (P'l/it- 
dijuE,&c.) which the caddis worms when living agglutinated to 
their tubes. 
Hb Clermont Ferrand is an excellent place for bead-quartera, 
^■from which to visit many localities of high interest in Auvergoe, 
^Kiipecially as it now is possible to go to some of the liest stations 
^Biy rail at a small expense. The town itself is full of interest 
I in respect to archseological lore. Here Peter the Hermit 
preached religious ivar against the Saracens, and here Pope 
Urbau elevated the cross before the multitude, maddened by 
that religious enthusiasm which sent thousands to die in a dis- 
tant land, " far o'er the waters of the dark-blue seaa." The 
** Dieu le Volt " of that vast liost must have re-echoed fi-om hill 
to hill ; while hundreds thronged within the walls of Notre 
Dame du Port, which still stand as massive as in the days of 
the Hermit. Here the Pope Alexander III, thundered forth 
his blasting excommunications against the Emperor Barbarossa. 
Again, Clermont Ferrand was the birthplace of the illustrious 
Pascal, who wOl he remembered long after Pope and Emperor 
shall be forgotten. Pascal was the first philosopher who esta- 
hliehed the law of atmospheric pressure at different etevatione, 
but his experiments were interfered with by the Jesuits at the 
College of Clermont, who threatened liim with charges of 
heresy ; as he says in his " Pens^es," " Les Jesuites coucluent 
tonjours que leiurs adversaires sont heretiques." In consequence 
of this persecution, Pascal had to'employ his brother-in-law, 
M. Perier, who lived at Clermont, while he sought refuge in 
Fans, to carry out hia experiments and take a barometer to the 
summit of the Puy de Dome. It was thus that in September 
1648 the effects of atmospheric pressure were established beyond 
all doubt ; while this present summer of 1876 witnessed a con- 
course of representatives of all the nations of Europe, assembled 
round the noble observatory erected to Pascal's memory on the 
Puy de Dome, a grand tribute to one of Nature's pupils. 

The Cathedral of Clermont is built of tlie dark lavas of 
Volvic. Nothing can exceed the beauty of the decorated work 
executed in this lava, the grey colour of which is very pleaalng 
sye. The choir is very striking from its 1: ' ' ' 
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1 riaes " on pillars lofty and light and tall." Beautiful, too, are 
the long lancet windows in the apse and those of the clerestory, 
which are for the most part filled with rich stained glass, 

Notre Dame du Port ia a truly curious cbiircli, said to- 
have been built about a.d. 580. It ranks among tho historical 
monuments of France, and through the very early character of 
its Komanesque architecture and sculptiu'e is of eapecial interest 
to the antiquarian. The elaborate decoration in mosaic of its 
towers is believed to be of the best Byzantine architecture, and 
the sculptures on the tympanum of the south doorway are 
curiously rude and unusual. Thii church is barrel-roofed, with 
an apsidal termination. The crj-pt, which is under the choir, 
ia said to be the most ancient part of the building, and is re- 
markable for its rude pillars and massive roof. Here, as at Le 
Puy en Velay, is a black Virgin, probably the Roman Catholic 
adaptation of some Eastern idol, Tlje petrifying spring of St. 
Alyre was once celebrated for the miracles performed there. 
There are many other springs in Auvergne possessing incrusting 
qualities, but none of them incrust objects exposed to their 
spray in so short a period as that of St. Alyre. Both Dr. Dau- 
heney and Mr. Scrope attribute the immense quantity of traver- 
tine deposited by the water to the volcanic action below, and 
believe that the springs were fuller when the subterranean 
forces were in greater activity. Of the \ariou8 objects 
placed on shelves and boards for incrustation by dripping are 
stuffed animals, their hair all coated with carbonate of lime, 
and stuffed birds ; but the really beautiful specimens are cray- 
fish and land shells, which preserve their shape entire in stone. 
There are also lasketa, artichokes, and birdVneats, with brooches 
made from casts and alto-relievos. Some of the latter are taken 
from coins found at Gergovia. Tlie " Pont naturel " is worthy 
of a visit, forming as it does a natural arch which is constantly 
increasing, 

When staying at Clermont some years ago we visited Ihe late 
distinguished naturalist and geologist, M. Lecoq, to whom w& 
had a letter of introduction from Sir C. Lyell. We found him 
most kind and communicative as to the points best worthy of 
oh8er\'ation. His museum was a model of good arrangement 
and careful keeping. Especially was it interesting to us in its 
illustrations of the natural history of Clermont Ferrand and its 
neighbourhood, of the rocks and minerals of the district^ the 
fossils, the flora, the birds and their egg;s, besides a large con- 
chological collection from all parts of the world. M. Lecoq 
entered fully and imreservedly iutu his own views of the geology 
of the lacustrine beds of the Limagne, the extinct volcano* 
and tbeir lavas. With regard to the occurrence of the glacial 
ph and its effects in Auvergne, he considered that some 
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Granite Plateau. — A reference t« the geolo|fii'id map of 
Central France shows a large tract of elevated (rotiiitry [;riunl- 
pally composed of granitic rocks sot in a framework of utrutji of 
Jurassic age. It is evident also that granitic rocks coniitltut«d 
the old land »ivrface through which hurst the great rniocona 
volcanos of Atont Dore and Uie Cantul, and that granite moun- 
tains formed the 6))ores of the ancient eocene and mioc«n« 
lakes. For the '"•■-stigation of portionv of the granitic plateau 
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near Clermont we recommend the walk through the village of 
Ohamnli^res to Royat. The thiirch of Royat is oW and ein- 
gidar, and exhibits portions of early Romanesque architecture, 
and the village and valley are extremely picturesque. The 
lava which has been ponred down from Graveneire into the 
valley is well displayed in a fine section near the " grotto," 
and a walk up the stream will afford a good idea of the 
excavations thiough the lava effected by the rivulet. Oppo- 
site Koyat there is a quarry called the "Carri^res Blanches," 
where a felstone porphyry is injected into the granitic rocks of 
Villar, and, protruding at the surface, tbrms a boss. Here we 
found growing, in >Iay last, a large purple lri«, with AnemoTie 
■monlana ; and many swallow-tail butterflies were chasing each 
other in the sunshine round the knoll. From thence we pursue 
the route to the hill of Gravencirf. There is no crater ; but 
immense masses of red and black scorise, lapilli, and pozzuolana, 
quarried for their materials, look as if they had been ejected 
yesterday, and tell the tale of igneous action as would a black- 
smith's forge. The volcanic masses appear to have been erupted 
through fisHUres in the granite hill known as the Pvy (ic 
Charade, and three streams of lava flowed down the slopes. 
Besides the Royat lava stream on the north, two streams flow 
towards the east and south. The eastern current was turned 
aside out of its course by the Puy tie Montaudouj; a rock of 
basalt of far more ancient date, and which occupied its present 
position for untold ages before the volcanic outburets of Gra- 
veneire had commenced. From Graveneire we recommend the 
walk to the Puy de Berzc. 

The Puy de Rerze is more than 3,000 ft. above the sea, and 
its summit is capped by basalt overlying granite. We here 
remark the diiference of position of this old lava as compared 
with that of the valley of Royat. Mr. Scrope thought that the 
basaltic currents which overflowed the freshwater beds of Ger- 
govia, and the isolated Montrognon which forms so striking a 
feature in the scenery of Clermont, liad their source in an 
aperture near the summit of Berze, and flowed downwards int» 
the lake, overflowing the lacustrine silts and their shelU, where 
now stand Gergovia and Montrognon. Again, at St. Genest, 
there is a little valley with a rivulet into which has been poured 
a stream of columnar basalt with veins of quartz; and we see 
that the granitic mass had been here eroded before the outflow 
of the basalt. On the road to Montrognon and Clermont the 
granitic rocks are much disintegrated by the action of the at- 
mosphere, and present appearances which might easily be set 
down as due to ice action. The rocks here and there by the 
roadfdde look as if they were vioiitonneea by ice ; while the 
granitic masses eeporating at the joints form rounded boulderBa 
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Riming precisely the aspect of blocs ferchfa. Another route 
■093 a granite counti^ is to go by Chamali^res over the 
Plateau de Pnidelle by Sarsenat to Channat, and then to return 
by Nohanent and the Cotes de Clermont. 

At Prudelle, at the height of 2,313 ft. above the sea, we find 
an ancient columnar basalt resting on granitic. The valley of 
Villar has bet;n excavated in the granitic rocks since the overflow 
of this basalt, and down this valley has Bowed the modern lava 
current from the I'uy de Pariou. The geologist will not fail to 
remark the difference of position between the older and more 
modern lava currents. It is a good walk eastward across the 
granite country to the Puy de Channat, which is worth ex- 
amining, as the recent volcanic masses have been blown right 
through a granite platform in advance of the line of the Puys 
de Dome. 

Tht Volcanie Outbursts of the Puys de Dome. — Le Puy de 
Dome is the great excursion from Clermont, and (wery geologist 
will aBcend tliia noble mountain, which towera to the height of 
nearly 5,000 ft. above the sea, and is so striking an object from 
every point of view in the surrounding coimt.ry. From ita 
summit and observatory he will also gain some idea of the geo- 
graphy of the wonderful region around him, and mayhap from 
the grand panorama somewhat of its geology. There are vol- 
canos all around, red with volcanic ashes, and cmters yawning 
on their sides or peaks. There are hills rising high above the 
vales, which owe their protection to lava streams which flowed 
in ages so long ago that the volcanos which emitted them have 
been utterly swept away by denudation and degradation, or 
what was letl haa been obliterated by later volcanic outbursts. 
Then there are valleys which liave been scooped out since the 
older basalts flowed, and these again bristle with lava torrents 
poured forth from the modem volcanos, which run in a line 
north and south from the Puys de Dome. On the flank of the 
mountain itself blossom beautiful wild flowers. The noble 
yellow Oentian {Ge.ntiana lutea) and the Martagon Lily (^Liliutn 
Mariaf/on),vithAfelittistfrandifiora,Arnicamontana,A8hajir- 
tia miijor, Hldnanthua Tnajor, and a score of other plants^ 
were foimd by us in the sunny month of June, though snow 
^^rtill lingered on the heights of Mont Dora away to the south- 
^^nrds. Then there are rivers sparkling in the vale, and great hills 
^^nmiiig i» the distance, with hilhiideB clothed, some with forests, 
^^Bne with vines, and others bare and scorched as if by volcanic 
^^res still sliunbering beneath. Clouds gather over one distant 
range, and the sunshinelights up anotber,and you hear the thunder 
mattering from afar, while from below comes the tinkling of 
the gheep-bell, or a neighbouring church bell clangs through the 
still clear air. There in much to be seen from the Puy de Door 
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NevertheleBB, I cannot recommend the gtwlogist to dday over 
its geology unless bis time ia nf no importance. Mr. Scrope 
tliought that the " Domite," or tracbytic mass of which it con- 
sists, is of the same age as the volcanic products of the Puy 
de Pariou and Puy de Dome. M. I^coq assured ub that he 
had arrived at other results, aud was of opinion that the Domite 
belonged to the age of the traehytio lavas of Mont Dore, and 
that the newer Puys and their outbursts were erupted through 
and among the " Domite." If I may venture to pronounce an 
opinion, I should prefer the explanation of M. I^ecoq. A\'hen 
we find a great extension of old basalts, apparently of the Eune 
age as the Mont Dore basalts, extending right away from Mon- 
tredon on the fouth, by the Plateau of La Serre ; again between 
Cbannat and Teniant ; and as far northwards as Lague, south of 
the Puy de Jume, it is impossible to avoid the conviction that 
there was a great line of volcanic outbursts along the line of 
the Puys dc Dome of much earlier date than those late 
eruptions. But whether this supposition is right or not, none 
of the PujB just mentioned furnish such satisfactory dis- 
plays of lava torrents and other phenomena as do the Puy de 
Pariou and many others. The Puy de Pariou in remarkable 
for its perfect crater, and is within a shoit walk of the Puy de 
Dome. It is well to trace the lava current downwards to 
La Baraque, and observe the island of granite which it surrounds 
at Orcines and the check it meets with at the junction below 
Bonabry from the old basalt of Prudelle. When visiting 
Pariou in May (1876) we found the rim of the crater studded 
with the beautiful Anemorie. Montana, with its maroon' 
coloured petals and bright yellow stamens. Below, near the 
outburst of the lava current, we gathered ATiemone ranuncu^ 
loides, Corydaiis aolida, SciUa bi/olia. Orchis atwibucina, P«£- 
vnonaria offidnalia. Daphne vnt-zereum, and a large variety of 
Primula elatior. Sir David ^'edderbum made the depth of 
the crater by aneroid somewhat less than does Scrope, viz., 
300 ft, A small Viola grew in abundance in the crater. From 
our notes, on a former visit in the month of July, I find that 
Ceykaiantkera rubra was foimd in the crevices of the Pariou 
lava current; this plant is extremely rare in England* 
having only been galhered on one locality of tlie Cotswold 
Hills in Gloucestershire, and in one copse in Somersetshire 
Here, too, grows a peculiar rose with glaucous foliage and red 
stipules much dihited (Rusa 7-^tbri/olia? ), and the guide a«- 
serted that it would not bear transportation. We gathered also 
Lycknie viecoea, a plant which grows too on Stanner Kocks, 
an ancient volcanic rock which traverses Silurian limestones 
near Kington in Herefordshire. 

Another expedition among the more recent volcanic phe- 



lomena may be made aloDg the PoDt Gibaud road as far as tlie 
Creiix Slorel, to esamine the volcanic hollow near tbe Piiy dea 
Goules, and thence to strike westward for the Puj de Come. This 
volcano rises more than 900 ft. above the plain. It has two 
craters, one 260 ft. in depth. The lavaa which have flowed 
from it have spread over an area of 10 square miles, and it* 
cinders cover the plain of the Crciis Morel. The lava torrent 
may be traced from its soiu^ce to the granitic peninsula east of 
Charabois, where ib divides into two streams, one flowing over 
a vast platform towards Pont Gibaud, the other talcing the 
direction of Mazayes. It ig worth while to remain for a night 
at Pont Gibaud and examine the flow of the lava over sites 
where now are the village and castle ; the meeting of the lava 
streams from Le Puy de Louchadiere with that from tlie Puy 
de Come ; and the fine section of the valley of the Sioule river 
below Pont Gibaud. The Puy Eonge, near Ohalucet, two 
miles from Pont Gibaud, has pniu^ forth columnar basalt 
into the river, and there is a remarkable display of recent- 
looking scorije and volcanic bombs round the volcano itself. 

Another excui-sion among the more recent volcanic rocks is to 
Volvie and the Puy de la Nug^re. The rail takes us to Kiom, and 
the walk fiom thence is full of interest. On the right are the 
picturesque niins of the Castle of Tumuoel, and high above 
Volvie is a gigantic efBgy of a Madonna, caned in Volvie lara, 
and 30 ft. high. The lava cmTcnt of ^'ulvie which flowed from 
the Puy <le Ktigere has been quaiTied since tbe days of the 
£omans, and is often studded with luminro of speculai' iron. 
Tracing it upwards through a wood and njirrow pass, we enter 
upon a broad valley, and ute the lava encircling a low hill of 
granite ; and following its course up to tbe volcano we find the 
Puy de Nugfire, a cone with a deep oblong crater, and the lava 
pouring down the steep sides of the mountain. The geology of 
the Puy de la Banni^re is quite different from that of Xug^re. 
There is no crater ; but masses of scoriie and streams of lava have 
been erupted through a fissure in the granite plateau which 
fiUetchos away for miles to the north, and overhangs the fresh- 
beds of the lake of the Limagne, as it must have done 
the waters rolled where now flourish tbe corn-field and 
neyai'd, and when the strange quadrupeds of miocene times 
frequented the granitic mountains and the shores of tbe great 
lake. On this hill, to the east of the figure of the Madonna, is 
a fiasure, out of which has burst scorise, pozznolana, and a thin 
lava stream, which seems to pass under the old Homanescfue 
crypt of the chmch at Volvie. That rare British plant Scleran- 
thut percna'is was very abundant at this spot in tbe month of 

le more expedition among the later volcanic hills and lava 
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. Dore lea Bains. 
Bite the little hostel is a kind of summer-house, with very 
comfortable bedrooms, where tjuarters may lie had for a night 
or two. This ia a most extraordinary scene, when viewed from 
the summit of one of the volcanic Puys, and was selected by the 
Count de Montlosier as his home on his return to France in 
1 820. after many years of exile. His " Essai siir la Thforie des 
Volcana d'Auvergne " was published Id 1789, and thirty yeai-F 
afterwards he returned to spend his last days among the moim- 
tains of the Puy de Dome. He planted woods and cultivated 
the sterile soil, and when he died he was refused burial by the 
bishop of Clermont. This persecution was on account of his 
having written against the Jesuits in early life, urging them to 
use a cross of wood instead of one of gold, saying " c'est la croix 
de bois qui a sanve Ic monde." 

In May last we found the wood of Randanne, before entering 
the village, actually carpeted with spring flowers. ITiere were 
violets, and primulas, and Ariemone viontana in thousands, 
Ansiiione ranunculoUlea and two or three orchids. The July 
list of Sir William Guiae gives Trifolium alplnam, Saxifi-aga 
stelt^ria, Seilum villosum, Gerantum pkceum, and CeiUaurea 
Tnontana, 

The Puy de la Taupe rises close to the village, and a lava 
stream has flowed from its western flank. The view from thenco 
right into the craters of the Piiys to the north, backed by the 
distant Puy de Dome towering above all, can he,st be clia- 
racterized by the term weird. The Puya de la Kodde and de la 
Vache should Ije especially visited. Their craters, and the way in 
which their lava streams dam up rivulets and g'ive rise to the 
lakes of Aidat and la Caissi^re must be seen to be compre- 
hended. 

The OldcT BiiBnUn and Freshwater Beds of the Lmutgiie. — 
We now revert to the older basalts, the products of much 
earlier volcanic eruptions than those we have just indicated, and 
masses of which are to be found capping many of the hills io 
Auvergne, sometime* more than l/)00 feet above the plains of 
the Li m ague. 

The Plateau de Pnidelle is a mass of this ancient basalt, 
which overlies gi-imite, and is within a short walk of Clermont. 
Two valleys, Villar and Gresinier, have been eroded on tho 
south and north, down which have flowed recent lava streams 
from Pariou ; but tlie old basalt of Prudelle haa protected the 
granite promontory it overliea, and granite and Ijasalt now 
stand out as grand witnesses of the gradual erosion of valleys, 
Tsistancc of hard hiva, and the antiquity of the basalt. But 
nltic plateau, par exoeUence, fur investigation, is that of 
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■!£a Serve. The bert way of reaching it is to drive or take 
■ a Mont Dore diligence to Fantfredtle, n most interesting little 
valley, where a current of recent lava from the Piiy Noir flowed, 
where now runs a stream, and rolled for ten miles down the 
valley of Theix to JiiUiat, near La Roche Blanche, and Le 
^^&e£t. Crossing the stream at Fontfredde we walk over de- 
^Kpompoaing granite, and find ourselves on a great sheet of old 
^P^esalt nearly two miles broad and ten in length, exhibiting all 
lie characteristics of those wider basaltic platfortDs which we 
see in the Mont Dore coiuitry, in the Cantal, and in the Ard^che. 
The highest point, Uie Tfite de la Serre, is nearly 3,500 ft. above 
Uie Bea, and that accurate obser\'er Mr. Scrope gives all the par- 
ticulars of its ebai acteristic features, the origin of its lava cur- 
rent in the granite, the flow of the lava down an inclined 
plane, the scoriae on which the basalt resta, the denudation 
round the mass of granite on which stands the insulated basalt 
and castle of Montredon, and the proofs of foiu- distinct steps 
in the process of excavation and denudation since the outflow of 
the lava of La Serre from the granite. Our advice is to trace 
this lava current from its source among scorise, masses of 
granite and volcanic bombs, to Chadrat, where it overflows fresh- 
water beds of oolitic structure, and from thence to the pic- 
'nresque village of Le Crest which alone is worth a visit. 

I'reakwatef Beds and their Fossils. — Before visiting Au- 

rargDo I advise every lover of geology to give a day or two to 

tile examination of the wonderful collection of the remains of 

fossil mammalia from the old freshwater beds of the Limagne, 

in the museums of the Jardin des I'lantes in I'ari-i. Nearly one 

hundred species of different quadrupeds have been found in the old 

lacustrine silts of Auvergne and Velay. Among them are great 

berbivora, such as mastodons, rhinoceros, tapii's, and deer, which 

ranged on the plains and pastured in the forests; and with these 

were great beavers, which lived in the rivers and lakes. There 

were beasts of prey allied to the tiger, hyrena, bear, and wild 

dog ; and with these were associated large crocodiles and tor- 

U toiaee, snakes and frogs. Several extinct species of birds have 

Httpen determined, allied to our swans, ducks, gulls, and swallows, 

^^pid even the eggs of some of the water birds have l>een fossilized 

^Killd preserved. These animals belong to miocene times, and 

tibould not be confounded with the eocene animals of Gannat, or 

the pliocene fauna of Mont Perrier near Issoire. 

A fine section of the freshwater beds with their protects 
ing cappinga of ancient ba>alt is displayed in the well-known 
hill of Gergovia within a six-mile walk of Clermont. Gergovia 
is famous in history as the stronghold of the Arvemi, who, 
under their brave chief Vercingetorix, defended it so gallantly 
ugainet Julius Cfesar and his Roman legions. We visited Ger- 
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|rovia some years ago, booq aftt;r Bome exeavatlons had been 
mude, on the occasion of the \'i£it of Napoleon III., when many 
Uoiuan and Celtic relics were discovered. The best plan to 
attack Gergovia from Clermont is to drive by Beaumont and 
Aubi^res to the base of the hill. The superficial drifts of Beau> 
mont have furnished the bones and teeth of mammoth and 
Spi-.rmophilus, a kind of marmot. The best sections of fresh- 
water beds are on the northern and north-eastern flanks of Ger- 
govia; and we recommend the searcher for fossils to walk up the 
Bti'eain from Romagnat by Clemensat, and then strike across for 
Gergovia. At the base of the series there occur tlje fossil soall 
sheik {Helix) that are so abundant at the base of the Pay 
Dallet; and here M. Lecoq obtained freshwater mussels {Unioa) 
while above rest the indusial limestones full of the cases of the 
larvsB of caddis flies, surroimded by minute freshwater shells. The 
eastern face of the camp is perhaps the best for seeing the posi- 
tion of two outflows of basalt and the deposition of lacustrine 
Eilts and fossil remains between the basaltic outflows. To the 
southward is a dyke througli the freshwater beds, and this seems 
to be the site of a chimney by which volcanic materials were in- 
jected into and over the lacustrine silts. 

On reaching the summit of Gergo\'ia we arrive on a plateau 
about a mile and a half in length from west to eafit, by perhaps 
half a mile in width. It exhibits now no trace of the old GaiJ- 
ish city, although the plough frequently turns up coins, and 
pieces of coarse pottery are often met with. The south face of 
the hill is evidently scarped, and the remains of a rude stone 
rampurt of baFftltic blocks may be traced. It would seem that 
the north face was sufficiently protected by the alirupt and pre- 
cipitous character of its basaltic rocks, llie platform is pene- 
trated from north to south by five narrow rude roads, probably 
the ancient Viie. 

The prospect from Gergovia is truly grand and interesting, 
not merely on account of its extent, hut from the variety of 
fonn, coloiu', au<l contrast due to the geological configuration 
of tlio country. On all sides rise isolated hills, some of them 
surmounted by fortresses, built in almost inaccessible places, by 
tlie feudal lords who were ever ready for warlike and violent 
deeds. These unruly barons were at last put down hy Louis 
XIII. and Kichelieu, and their strongholds destroyed. Such 
was Montroynon, which is close to the N.E. ; and Montredoo, 
which lies a little W. of the great basaltic platform of La Serre, 
of which it is an outlier. 

The best descent from Gergovia is by the S.E. side of the 
camp, where a dyke of volcanic ash, scoriae, and masses of lava 
have been ejected through a fissure in the freshwater beds, and 
through the lower basalts; and the protrusion of this dyke haa 
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greatly disturbed and altered the beds at the point of contact. 
The freshwater beds may be seen tilted at a considerable angle, 
and when in contact with the lara have been altered into a 
banl compact limestone, with conchoidal fracture. At a consi- 
derable distance below the upper basalt of the platform a thick 
bed of consolidated volcanic ash is seen resting upon the 
freshwater limestone ; it has put on the appearance of a lava 
bed, but the freshwater strata below it do not seem in the least 
altered. 

We have not space to indicate half the interesting points to 
visit round Gergovia, but we may advise our brothers of the 
hammer to take an omelet at the little av^erge at Merdogne, 
whicl) ia tjelieved to be the locality noted by Cffisar in his 
account of the attack on Gergovia, according to the plan pub- 
lished in Napoleon III.'s "Vie de Cesar." The hill above 
the village of I,a Roche Blanche is recognised as the " Collis 
sub ipsis radicibus Montis," which CiEsar seized by a night 
attack, and connected with his principal camp by a double foss; 
and Merdogne is fixed upon as the groimd where Caesar sta- 
tioDed himself with the 10th IjCgion, and from whence he 
caused the retreat to be sounded. I also would direct attention 
to the ma.B3 of subangular drift with large angular masses of 
rock contained in it, which occius in a cutting of the road 
between Merdogne and the high road to Clermont. The 
ncirtbem shoulder of Montrognon looks as if volcanic masses 
had flowed down the slope since the isolation of that remark- 
able hill from that of Gergovia, with which it must once have 
been continuous. The geology of Montrognon is a good deal 
masked by the fallen ruins of the fortress and the weathering 
of the basalt. 

Another expedition from Clermont for the older basalts is to 
go by rail or drive to Pont du Chateau for the Piiy de Dallet. 
DriWng, we pass on the right the Piiy de la Poix, a local 
outburst of volcanic matter, into the lacustrine marls of the 
ancient lake. A great quantity of bitumen is associated with 
calcareous fragments, volcanic peperino, and vegetable matter. 
The Piiy de Crouel and the bill of Clermont are both supposed 
to have the same origin as the Puy de la Poix, viz., the out- 
burst of lava into the waters of the freshwater lake among 
masses of driftwood and other vegetable matter. At Pont du 
Chateau, on our visit in May last, a quarry opened at tho end 
of (he rillage before descending to the bridge over the AUier, 
exhibited a section of what was evidently a volcanic vent into 
the freshwater beds, showing that at this point also volcanic 
eruptions were going on during the fonnation of tho lacustrine 
fills at the bottom of the lake. WTien here some years ag( 
in the month of July, we were walking up the right bank of 
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the AUier to Scropes celebrated river Ecction, when we 
struck by what appeared to be, at a short distance, some large | 
bright blue flowerG. On approaching them they proved to be i 
dwarf elder bushes {Samhucus nirjer) covered with a quantity i 
of small azme chafers (a species of Hoplia), a beautifal insect 
much used in Paris and other towns for brooches, necktacen, 
&c. So numerous were these blue chafers that the panicles of 
the elder-flowers were gtiidded with them, and presented a. 
remarkable spectacle. 

Scrope's section of the cliff on the banks of the Allier at the 
base of the Puy de Ballet is well known, and the principal 
point to direct attention to is the lowest bed, exhibited when 
the river is low — which it was not at our last visit. It is a 
limestone, charged with volcanic fragments as if there had 
been a volcano on the borders of the lake, which erupted an 
abimdance of scoriie. Over this lies a limestone full of the casta 
and remains of land and freshwater shells, some of them snail 
shells {HelicidcE) washed into the lake ; others freshwater sheila, 
such as Planorbis and Lymnmi, which lived in the waters. It 
is probable that these beds on the Allier represent those at the 
base of Gergovia, where also Unios are found. The highest bed 
of the section is full of volcanic matter. The beds dip west- 
ward, and behind the cliff we see the isolated mass of the Puy 
de Dallet, composed of strata similar to those of Gergovia, 
tliough flo masked by vineyards and cultivation that it is 
difficult to make out their succession. The basaltic platform, 
too, is much broken up at the surface by atmospheric action 
and decay. The observer will see the cliff near the road to 
the village of Dallet, capped with a river drift of an ancient 
Allier, which flowed far above the present river level. Again, 
he will not fail to remark a road section before descending the 
hill to Dallet, where a thick mass of atmospheric drift o\'erlie8 
the old river-bed, and that this must have accumulated under 
diflferent circumstances to the present. 

The Mont Dore. — The road from Clermont to Mont Dore 
passes by Montrognon and the mow (o?iftc«-loo king granitic 
rocks to Fontfredde and Randanne, which is the place for the 
traveller to make inquiries about ponies or horses when at 
Jlont Dore les Bains. So late was the spring of 1876, that 
between Randanne and the Eochers Sanadoire and Tuilifere 
we passed pine woods with nimieious branches lately broken 
off by the weight of May snows, and hardly a plant showed its 
blossoms along the great tract of ancient lava currents over 
which the road passes. We passed some time in the examination 
of those well-known rocks — the Rochers Sanadoire and Tuilifire 
— and there are none more grand and picturesque in the Mont 
Dore country. They rise liie giant pyramids on the opposite 
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s of a lovely wooded glen — sentinels to the approach to the 
, volfuno. They consist of columnar phonolite, and it is 
impossible to describe tbe beauty of the shaft-like coliuniis of 
Tidlifire. Some of the columns are curved, and slates are 
quarried at Tuiliere in cleavage planes, which are at right 
angles to tbe asia of the columns. We remarked, too, the 
inter-bedding of yellowish, soft, trachytic aah, with beds of 
hard basalt on Puy Gros. This soft trachyte weathers out 
easily, and its consequent denudation is the cause of the beautiful 
valley scenery we drive along en route to Mont Dore les Bains. 
Lake Guery, which is passed on the right, is famous for its 
led-fleshed trout, and tbe lake itself is walled in by basalt from 
the Puy Groa. It is from the Puy de I'Aiguiller, on the 
north, that the great lava current has issued which stretches 
for a distance of ftfteen or sixteen miles along the banks of the 
Sioule river, and covers the granitic plateau at Pont Gibaud. 
Those who visit Pont Gibaud from Clermont may thus gain 
some idea of the extension of the ancient lava currenis of 
M ont Dore. 
^^L It ifl impossible to give a better description of Mont Doro 
^^^kn that of Scrope, viz., a great volcanic mountain like 
^^Btna or Teneriffe, which has been reduced to a mere skeleton 
^^^T the wear and tear of long ages of denudation ; and no geo- 
logist can cross its peaks and cols, traverse its lava currents, 
explore its valleys all round the base, as we have done, without 
ee«ing how the upper and softer materials of tbe volcano have 
been swept away to form conglomerates and breccias, which 
have been carried for miles, and the very innermost dykes and 
porphyritic masses of the inner structure have been laid bare. 

With regard to the volcanic structure of Mont Dore the 

phenomena are far too vast and varied to be treated of here ; 

but we may say that a steady examination of the valley of the 

^^J)ordogDe on one side, and the valley of Chambon on the other, 

^^■dll go far towards giving the physical geologist a good idea of 

^^|b history. Scrope's section of tlte Cascade du Klont Dore, 

^Hpttt its succession of soft trachytes, interlaced with hard lavas 

and basalts, is a good lesson in volcanic structiore ; while the 

study of the valley of the Dordogne from side to side, and tho 

^ridence that it has once been filled with ^'olcanic materials 

lo the level of the upper basalt, and has since been eroded to 

the depth of 800 ft., ia a lesson on the denudation and erosion 

of the other valleys. 

We visited Mont Dore in May, 1876, for the purpose of 
examining into the evidence of glacial action, and the former 
«xist<^nce of ancient glaciers in Central France, suggested by 
Dr. Hooker, of Kew, in a contribution to "Nature," of Nov. II, 
The glacial appearances due to weathering among the 
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gniDitic rocks of the Montg Dome hud made us all, perhaps, 
over careful, and we were none of ua the \esst inclined to make 
lateral moraines of mere local dibrls or rochea vioutouTiiea of J 
weathered granite. I 

The valley of the Dordogne was yellow with the flowent of j 
Primula diitior, and the bright blue blossoms of 6enti<ma vema 
were glistening on tho slopes of the Cascade side by aide with 
ThUispi idpeatre and purple paosies ( Violtt tricolor') ; but the 
heights of Puy Ferrand and the Pic de Sancy were white with 
snow, from which a thousand streamlets poured, laden with 
detritus, and affording an excellent illustration of the power of 
melting snow in carrying detritus from mountain slopes to a 
lower level. In fact, the valley of the Dordogne is now every 
spring-time everywhere percolated through and through by 
running water, and if there was a glacier there, in daya long 
ago, the numerous streamlets produced by the melting snows 
and rains must have long ago sorted the glacial d&jria And 
rolled and washed the materials. 

The masses of rock known as " Ijcs Trois Diables " appear to 
be fallen raasses, and the bristling pinnacles of the Gorge 
d'Enfei- called " Les Cheminees du Diable " are about soon to 
follow their example and hurtle downwards into the abyss below. 
The wind was bitterly cold at the Gorge d'Enfer, and the snow 
lay deep in its gullies. Here and there the rosy blossoms of 
Androsace carnea looked like blood-spots among the snow, on 
which we picked >ip a dead Brambling finch {FringilUt irumti- 
fnngHla.\ which had succumbed to the cold. Passing over a 
couXie of snow, I ascended to the basaltic platform above, and 
there saw masses of trachyte and felstone resting on basalt, whioh j 
could hardly be fallen d&yda, and I was thus led to believe ] 
that a glacier had passed over the higher platforms of basalt I 
be/we tkf' erosion of the valley. I also called the attention of I 
my companions to what I think is moraine matter, and tr&n^ ^ 
ported rock masses of trachyte resting on basalt, on the road 
between Mont Dore les Hains and La Cotir, as on the basaltis 
platform below the Kocbers de Beauzac. J 

Above the entrance of the valley of La Cour we cross the I 
Dordogne and wind up the zigzag towards the Pic de Sancy. I 
Opposite lo the " Valine de la Cour " is a deep gorge, dividing I 
the Cacadogne and the Roc du Cuzau, and from thitt gorge i 
rises the " Roc Barbu," a mass of columnar basalt whioh is in- 
teresting, as it was believed by Scrope to occupy nearly the site of 
the great crater of the ancient miocene volcano. No one caa J 
examine into these inner recesses, and afterwards explore the I 
volcano round its base, and observe the enormous masses of I 
volcanic materials spread forth from a common centre, withoub 1 
I ling convinced) first, that the formation of the volcano I 



must have occupied a long period of volcanic activity ; and 
secondly, that the destruction of Us original shape must have 
been caused by long ages of quiescence. Had the volcano con- 
tinued in action, the effects of erosion would soon have been 
obliterated ; while the deep valleys and gorges tell of long con- 
aoued denudation aihce the last outbursts from the Mont Dore 
crater. 

Our route to the Tranteine valley passed o\er the Col be- 
tween the Pic de Sancy and Puy Ferraud, and our guide was 
Gaillanme Pierre, of the Hotel Chabory ainee, whom we can re- 
commend, and to whom I pointed out various phenomena in 
the Tranteine gorge which I commend to others who have 
time at their disposal for examination. 

The head of the Mont Dore valley is a semicircle of prfr- 
rapitous mountains, buttressed with jagged dykes of hard 
trschyte and columnar basalt, and intrusive mosses of felstooe 
porphyry. Looking northwards we behold the deep valley and 
amphitheatre of the Dordogne, and huge pinnacles of rock which 
shoot up from the lateral Gorge d'Enfer. Far and wide the eye 
heholda volcanic hills, many so bare of vegetation as to give the 
distant view an aspect of sterility. At one point you see the 
modem volcanos of the Monta Dome ; at another you look upon 
the older volcano of the Cantal, glistening with snow as if to 
aaaert its more hoary longevity as a patriarch of other days. 
The gorge of Chaudefour opens out to the north-west, below 
Puy Ferrand, and we look down on bristling rocks, sheets of 
bacttlt, the valley of Chambon, the old castle of Murol, and the 
modem volcano of the Puy de Tortaret, with the lake of Cliam- 
boD dammed up by its lava current. The Tranteine valley 
runs due south, and &ces the country of the Cantal. High 
above it* northern gorge rises the Pic de Sancy surmounted 
by a cross. The Pic itself owes its shape and preservation to 
the slow weathering of a hard felatone porpliyry, which Mr. 
Scrope calls a "porphyritic trachyte," and which is important 
to bear in mind as a good local rock to mark for evidence 
as respects transportation, like the granite erratics of Mont 
Blanc. 

The transported rock masses sketched by Dr. Hooker in 
■* Nature " are distant a mile and a-half from the summit of the 
Pio de Sancy, and I took the guide from the Col at the head 
of the pass down the gorge. Nearly in the centre of the 
gorge we came upon a rocke moutonnSe, close by which flows 
a rivulet ; and on both sides the hills, as they slope downwards 
tovards the south, are studded with perched blocks resting on 
mane§, m aitu, of different mineral composition, and of which 
the only way of accounting for the distribution, save that of a 
gUciCT, is that they may have been shot out of the volcano and» 
jtrw szRiKa VOL. i. — ko. i. c 
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fallen where they lie. The triiosported Llocka described by Dr. 
Hooker are straoded againgt a low sloping hill at the mouth of 
the gorge. This low hill consists, as shown by sectioiiB in the 
streamlets, of basalt and moraine matter. In the moraine 
matter. Dr. Hooker found scratched and polished etones. No 
(rae can examine the section below the waterfall of the Tran- 
teine stream without seeing that the great blocks are masses 
transported fi'om the upper part of the gorge, resting in moraine 
matter, and on sheets of b^al'c The larger masses consist of 
felstone porphyry from the Pic de Sancy, but there are others 
of trachyte and basaltic lava which show signs of great weather- 
■ ing. On the right and left of the transported rocks the hilla 
are weathered and rounded, and have blocB perches resting on 
them. Here, as far as I read the history, rest the relics of the 
last of the glaciers among the valleys of Mont Dore, stranded 
against the low hill which a glacier of larger size once swept 
over and stretched far down the valley towards Latour and 
Picherande. But why shoiild glacier relics he preserved so well 
in the Trauteine valley and obliterated in that of the Dor- 
dogne ? It is accounted for, in my opinion, by the great 
difference in the watershed of streamlets and the freedom, com- 
paratively, from the constant wear and tear of tributary rills of 
water rushing through the glacier debris. The Tranteine stream 
does not shift its bed as does the Dordogne, and the moraine 
matter and transported rocks, resting on the hill in question, 
are comparatively free from the wear and tear of running 
waters. For some reason or other it was also evident from the 
backward vegetation that the Tranteine valley is colder than 
that of the Dordogne. Professor Lasaulx, of Breslau, in a paper 
written in the " Ausland " of 1867, directs attention to glacial 
phenomena near the village of Latoiu-, and I regret that I did 
not receive the " Aualand " until after our return from Auvei^e, 
for we also went to the Tranteine \-alley by the long, round- 
about route through the village of Latour. On reaching the 
basaltic platform on the road to Latour, and before rea^iing 
the pine woods, I thought it was impossible to accoimt for the 
presence of some transported masses of trachytic lava wbicb 
rest on basalt without the aid of ice. We pass by the remark- 
able basaltic rock known as the Gocher de Vendeix. and come 
upon a granite district and its deceitful weathering. At Latour 
are vertical iaces of columnar basalt, dykes of which burst 
through the granite and strew the slopes with their d^ria. 
Between Latour and Bousquet M, Lasaulx describes " basaltic 
prisms polished on the surface by glacial action ; " and " erratics 
resting on rounded and polished granite." 

The high road from Latour to Basse crosses the Tranteine valley 
about 1^ mile from the village of Picherande, and the distance 
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from thence to the transported blocks ie about 5 miles, over an un- 
interesting route, wliich is not to be compared for scenery and geo- 
logical phenomena to that over the Col by the Pic de ^ncy. It 
has, however, the advantrtgeofbeing much easier in transit. The 
valley here is a gradual ascent for nearly 5 miles over a poor 
peaty pasturage with low eminences of granite, overlain by 
basalt. The country has a -mouton/niG appearance as if a glacier 
had come over it a long time ago ; and on the slope facing some 
hurons above the road-bridge I detected a boulder of felstone 
porphyry from the Pic de Sancy. Arrived at the rock masses 
already described. Sir David Wedderbum made the height of 
the ridge against which they rest 4,500 ft. above the sea, or 
1,509 ft. below the Pic. Mr. Lucy also made full notes on the 
position of the felstone porphyry and the surrounding geological 
phenomena. We advise a walk back along the stream to the 
village of Ficherande, as it ehows great stranded rock matoes on 
both sides of the stream, especially below the little waterfall near 
where the erratics are situated. The road to Besse traverses a 
deeoiate country, and so backward was the season that, although 
tiie 20th May, there was not a le^f on the trees, and the only 
plant seen was Petaaites nlhus. This southern flank of Mont 
Dore is lar colder than the northern side. We passed Vasei- 
vi^re, situated on the bleak hill-side, and where annually a 
great religious fete is held in honour of Notre Dame de Vassi- 
ri^re, and examined the crater lake, Lac Pavin, which is a most 
striking scene with its crater-walls clothed with wood and its 
weird-looking hollow filled with waters dark as Erebus. Besse 
still retains many of the features of an old mediseval town. Many 
of tie houses are built of stone, and display in the soffits of 
doors and windows much architectural enrichment of the 
thirteenth or fourteenth centuries. One house was pointed out 
Hi the " Maison de la Heine Marguerite," who, we were told, 
■■ mangeait des petits enfans." It bears traces of having been 
.. liuilding of some importance, as there is a broad winding 

e staircase in a tower which terminated in a stone vault, on 

6 of which are carved figures with the letter 0[J> possibly 

I initial of Marguerite. Relics of the old town walls still 

", and on an angle of wall is a stone with the following 

ription : — 

I. BARBVT 

I. BE'^i.SElItK 

CONSVLS 



« were quartered at the hostelry of " Le Cheval Blanc," and 
—Jspped off a trout 5 lbs, in weight, from Lac Pavin. The road 
between Besse and Murol is rough and hilly, but the turf was 
> places enamelled with the purple bloasoms of Viula. 
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tricolor, the parent, probably, of our garden paEiaes. Thelitti 
Tillage of Morol is situated on the modem tavu cuTTent wUd 
hae flowed from the Puy de Tartaret, while the ruins of Ui 
grand feudal castle tower above on the old basalts from Hna 
Dore. This castle is a most noble and imposing FtincturP ittD 
Its position is grand when viewed &om below, while it# gtm 
mam, its towered outworks, and massive central tower, im] 
the mind with a sense of solidity and power. It wae ransadei 
Aod mined in the revolution of 1793. The views on all 
are very extensive, and most remarkable altogether is 
feudal fortress of Murol. The Lake of Chambon is u] 
valley about a mile, and owes its existence to a dam 
from the Fuy de Tartaret, an extinct volcano with 
and a cone madi* up of volcanic cinders. Most 
too, are the accumulations and breccias of the Dent du 
Everywhere in this country we are struck with geol< 
nomena on the grandest scale. First we remark the 
old lavas, which form great basaltic platforms high a1 
present valleys ; and yet these basalts and their accomi 
breccias must ouce have flowed in valleys which e: 
the erosion of the present watercourses. Again, the 
of Tartaret flowed down the existing valley of Cbaml 
it wa« excavated as il is now, and this lava has been i 
by the river to great depth. Thirdly, it is quite evidi 
no glacier has passed down the lower part of the valli 
the eruption of the cinder cones of Tartaret and d"" 
Have we any date, then, of the eruption of these cind( 
for this will assist us in the glacier history ? We have, 
recorded by Sir C. Lyell (" Student's Elemeute," 
p. 528), that the lava of Tartaret flowed over the allui 
an ul.i ..illey which contains the remains of the Siberii 
(Lagumys), and the fossil borse ; and that the arches of a 
bridge spring from the lava of Tartaret, showing 
ravine near St. Nectaire was in Roman times excavated 
as it is now. Remains, too, of the mammoth have, 
stand, been found in drifts of the river Couze. So it 
that the northern animals, the mammoth and lagomye, have 
lived InPiaiiceemcetheoiitburBts of Tartaret. OurBpacewillmit 
permit of further allusion to St. Nectaire than to direct atten- 
tiuQ to its fine old Romanesque cbiu'ch, with an apsidal choir 
and barbaric representations of men and animals in colour, its 
cromlech on a hill-aide between the upper and lower baths, and 
the beautiful drive by Champeix to Issoire. The road passes 
through a picturesque gorge on the river Couze. And here we 
strike the old granite basement rock through which burst the 
ancient volcanic masses of the Mont Dore volcano. The ls» 
trom Tartaret flows down the valley eroded by an ancient CouK* 



^^fajd follows the windings of tbe old river, whose gravels may be 
^^Beo along its course. Here and there this lava is columnar, 
^^■d tbe granite itself appears to be in places traversed by dykes 
^^m basalt. The situation of the old town of Champeiic is very 
^^Kturesque, on a commanding eminence at the mouth of the 
^^^Vge, which is crowned with the massive remains of an old 
^^Mle. At Nechers the lava from Tartaret stops, having flowed 
^^■irt^en miles down the river channel. Near Nechers the river 
^^H cut through a line section of the freshwater beds over which 
^^K Tartaret lava has flowed in the gorge. Before entering 
^Boire we arrive at the Montagne de Perrier, with its rock 
^KellingB " Irfs Grottea de Perrier," which are referred to 
^Hman times. The Mont Perrier tuffs and conglomerates are 
^^BkoUB for their rich bone breccias, containing the remains of 
^^Breat mimber of animals which appear to have lived in this 
^^Entiy in pliocene times. It is difficult to account for these con- 
^^■merates, and those of Champeix and Nechers, save that they 
^^Be carried to their present site by a river which flowed in tbe 
^^Bie direction as the Couze. From the Mont Perrier conglo- 
^^H&tes have been extracted the remains of bears, tigers^ 
^^fcnas and otters, beavers and hares, associated with masto- 
^|pBt rhinoceroses, stags, and tapirs, and they lie in gravels and 
drifts which are interstratified in beds of tuB' conglomerate 
wh ich were laid down at a period long after the miocene volcano 
of Mont Dore had burst into activity, when the tuffs and lavaa 
it erupted had been borne for miles down valleys, when the 
old miocene lakes had been turned into dry land, and deep 
valleys eroded in their silts. Verily this is an astounding 
country, this Auvergne. It will take years yet to compre- 
hend its geology. Much as has been done by Scrope, Lecoq, 
and others, there is still far more to do before its dry bones are 
sorted, its different volcanic outbursts defined, and the strange 
history they have to tell is revealed. No one has, as yet, an 
idea of the wonderful physical changes which have occurred 
during eocene, miocene, pliocene, and post-pliocene ages, which 
we doubt, not will be more or less realised by future geologists. 
No one has as yet separated the Gannat beds and those of 
Le Puy en Velay, with their eocene fauna, from the miocene 
strata crowded with the relics of miocene animals. No one 
knows under what condition the pliocene .inimals lived when 
the Mont Perrier tuffs were accumulating ; or what the con- 
ditions were when the mammoth and long-haired rhinoceros and 
marmot lived on the Monts Dome. Stil! there is some light 
shed npon all these histories, and if after three visits to the 
volcanic regions of Central France I may be permitted to give 
a bioad opinion as to the glacial history of Auvergne, I should 
^k, that it was long, long ago. When the Alpine glaciers 
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reached the Jura, and the Shine glacier swept over the plains 
of Bavaria, when there were glaciers in the Vosges and in the 
Black Forest ; then I believe glaciers swept across the upper 
basaltic platforms which are now high above the valleys of Mont 
Dore. When the great Alpine glaciers passed away, so melted 
also the glaciers of Mont Dore, and the mammoth and hairy 
rhinoceros pastured in the vales, witli lagomys and spermo- 
philus on the mountains. There may have been short glaciers- 
among the hills, extending only a little way down the valleys^ 
as the transported rocks of Tranteine seem to testify. But the 
relics of such retiring glaciers are difficult to recognise ; and so 
masked is the evidence of glacial action by the wear and tear 
of long ages of atmospheric actions, the wash of many stream?, 
and possibly by later volcanic outbursts, that I am convinced 
much yet remains to be explored before we shall read aright the 
history of the Glaciers of Auvergne. 



EXPLANATION OF PLATE L 
Sketch-map of the volcanic district of the Auvergne. 
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AGATES AND AGATE-WORKING. 

Br F. W. RUDLER, F.U.S. 
[PLATE II.] 



■(KIT of our foBhioiiable watering-places offer to the visitor 
an attiactive display of agates and other siliceous stones, 
worked into a vast variety of ornamental forms. From the 
abundance of these agates it might fairly be assumed that the 
rough stones are to be had upon the neighbouring beach for 
the mere trouble of gathering them. It is true, there are 
tnaiiy spots along our coasts where the diligent seeker 
occasionaUy finds a pebble which, dull as it may seem on the 
outside, needs but the touch of the lapidary's wheel to bring t 
light its 

" Chalcedoaic beauties, ffur And bright." 

Such pebbles, however, are as a rule by uo means common,'' 
even in localities of repute; and it may be safely said that on 
no part of the English coast could agates be found sufficiently 
large for the manufacture of paper-knives, bowls, vases, and 
many other objects commonly exposed for sale. Moreover, 
these objects are generally ofiFered at so extremely moderate a 
price that, wherever the raw material may be found, it is clear 
that it must be cut and polished in some locality where labour 
is much cheaper than in England. Usually, however, the 
inquirer considers such difSculties solved when be learns that 
the stones in question are German agates. Yet this explana- 
tion, as we shall presently find, is far from satisfactory. Indeed, 
we believe that, as a matter of fact, no agates worth naming 
have for many years been obtained from German soil ; and 
although the old agate-mills are still active they have long 
been working exclusively on imported stones. We have, there- 
fore, no more right to caU such stones " German agates " than 
we should have to speak of a piece of Carrara marble as 
"English marble" simply because it happened that it had 
been worked into form by the chisel of an English sculptor. 
The true history of these agates, the localities whence they are 
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obtained, tlieir probable mods of fonnatioo, and tbe metliodB 
of mttiDg and poU.^bing— are tbe subjecU which it will be our 
busioess to explain in tbe present article. 

As the tourist ascends tbe Bhine, and is about to leave CKie 
of the most picturesque parts of the river for tbe broad valley 
of the Rheiagan, he passes, opposite to the vine-clad hjU of the 
Niederwald, the mouth of tbe River Xahe. This river opens 
into the Rhine on its left bank, just below Bingen, and a little 
above the well-known Slouse Tower. The %'isitor will Bod tbe 
valley of tbe Nahe almust aa beautiful as that of the Moselle, 
to which it runs nearly parallel, the two valleys being separated 
by the Devonian rocks of the Hundsriick Hills. Some distance 
after passing Kreuznach, with it« baths, and tbe neighbouring 
salt-works, the explorer, following the windings of the river, 
reaches the picttiresquely seated town of Oberstein, about fortj 
miles from Bingen. It is this little town which has been, 
time out of mind, the great centre of tbe agate trade of the 
world. Although situated in the southern part of Ubenieh 
Prussia, Oberstein and the rest of Birkenfeld form an isolated 
patch belonging to the Grand Duchy of Oldenburg — a kind of 
political outlier of the far-distant Duchy, entirely distinct from 
the surrounding Rhine Province. 

Few branches of industry owe their birth more directly to 
the geological structure of the district in which tbey are seated 
than the agate -induatiy of Oberstein. Those hills wliich tiae 
behind the town in grotesque crags, crowned by the relics of 
baronial castles, consist of an eruptive rock wliich German 
geologists are in the habit of calling melaphyre. It is this 
rock too which is penetrated by the railway in the neighbour 
hood of Oberstein, and has thus given rise to the ctiLtinge and 
tunnels which the visitor passes through, whether he approach 
the town on the one side from Bingen, along the foot of the 
Hnndsriick, or on tlie other side from Treves through the rich 
coal-field of Saarbriicken. The melaphyre has biffst through 
the sandstones of this coal-field, and comes to the surface in 
several masses, the largest of which occupies a confddemble 
area around Oberstpin, where it is surrounded on all sides by 
Permian rocks, and is cut through by the river Jfahe and iis 
tributary streims. 

It would 1m; dltSouIt to find a word in the geologist's vocabn- 
lary which has been more abused than Brongniart's name 
" melaphyre," save perhaps our conveniently ambiguous tenn 
" greenstone." A good deal of uncertainty hangs over tbe 
original definition, but this lias been vastly increased by the 
diiferent ways in wliich tbe term has since been applied. A 
plagioclastic felspar is the prime constituent ; and, according 
to M. Delesse's analysis, the felspar of the Oberstein mela] ' 
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to be labradorite.* Specimens from the railway- 
station contain a plagioclase of blood-red colour, due to the 
presence of lamellxe of ferric oxide-t Microscopic researcli has 
sbown that in many melaphyres tbe plagioclase is associated 
with an orthodase. Formerly it was supposed that the rock 
was destitute of olivine, and in this respect differed markedly 
£roin basalt ; it has, however, been found of late years that olivine 
is frequently present, and indeed it is difficult to separate some 
melaphyres, when fresh and unweathered, from true felspar- 
basalt«. Augite, however, is not so constant a constituent of 
melaphyre as was formerly supposed ; iu some cases tbe OMgite 
appears to be transformed into a chloritic mineral, and indeed 
much of the Oberstein rock has a greenish tint. Magnetite is 
always present, as in so many other eruptive rocks. 

Some varieties of melaphyre are compact in texture, others 
porphyritic, and others again amygdaloidal. All these varieties 
are to be collected in tbe neighbourhood of Oberstein, but it is 
only the last named that is of interest for our present purpose. 
Just as the carbonic anhydride disengaged during fermentation 
imparts a cellular character to the dough, which is retained in 
the bread; so, while the palseozoic lava, which we call mela- 
phyre, was still plastic, bubbles of gas or of steam were dis- 
engaged, and have left their impress in the rock, the molten 
matter having been sufBciently tough to prevent collapse of the 
walls. Although the normal form of these bubbles woidd be 
more or less globular, or probably pear-shaped, with the narrow 
end downwards, it has generally happened that, during the flow 
of the lava, the cavities have been drawn out in tbe direction 
of the current, so as to form elongated rather flattened cavities, 
resembling an almond in shape, whence tbe common name 
Amygdaloid or Mand-elsttiin. Tliese vesicles are in some cases 
empty; but usually they are filled to a greater or less extent 
with mineral matter, which has been deposited in them by 
chemical changes occm-ring in tbe rock subsequent to its for- 
mation. In many amygdaloidal rocks the mineral is merely 
carbonate of calcium, as may frequently be seen in our well- 
known Derbyshire " toadstones," which are melaphyres intei^ 
bedded in the Carboniferous Limestone. But the cavities in 
amygdaloidal rocks of Oberstein are for the most part filled 
silica in some of its Protean forms. As you pass along 
ings by the road-side yon may see the rock charged in some 
»i with myriads of little chalcedonic nodules, or rudimen- 
taiy agates, which look like so many fossil almonds. Indeed, 

' ileleaM : " Sur le Porpliyre Amygdnloide d'Oberstein " (" Ann. de> 
. (4], iri.p.DU.) 
Zirkd ; " Oie niihr. Be»clmir. d. Uin. u. Geateine," p. 414. 
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the notion that the agates of Mount Carmel were petrified 
melonii, was seriously entertained by a writer of only a century 
and a half ago.* Frequently the siliceous nodules are so 
abundant that tlie rock does not look unlike a conglomerate, 
and some mineralogists have even supposed that the agates are 
really pebbles and the enclosing rock nothing but the cementing 
materiaLt 

Although it is almoBt univerEally admitted that the vesicular 
cavities now occupied by the agates have originated in the 
manner described above, it is only fair to remark that a few 
Neptunists, unwilling to attribute an igneous origin to basalt 
and melaphyre, have sought to explain the formation of the 
cavities by assuming that they represent crystals in a porphy- 
ritic rock, which have been removed in solution, thus leaving 
angular hollows, the walls of which have since been rounded 
and otherwise modified by various solvents which have gained 
access to the cavities. J 

To explain the formation of an agate, with its concentrio 
layers of chalcedony, jasper, quartz, and other siliceous mineral^ 
is by no means so easy a matter as may at first sight appear. 
Not that there is any difficulty in getting the needful supply of 
silica to form the agate. It may be fairly assumed that some 
of the component nainerala of the agate-bearing rocks will 
suffer decomposition by meteoric waters holding carbonic acid 
gas in solution, and that among the products of decomposition 
fiee silica will be found. It is notable that the more alt^ed 
the rock, the finer the agates it contains ; thus suggesting some 
relation between the destruction of the rock and the construction 
of the agates. We have seen that labradorite is a constant con- 
stituent of melaphyre; and this is, of all felspars, the most 
prone to alteration. Acted on by carbonated waters the silicate 
of calcium is decomposed, and a carbonate formed, whilst silica 
is set free. It should be remembered that the siliceous minerals 
in an agate are often accompanied by carbonate of calcium and 
by various zeolitic minerals. A large crystal of calcite may fre- 
quently be seen seated in the drusy interior of an agate-geode j 
and it has even been suggested that the so-called " fortiScati<m 
agate" may owe its angularity of outline, as seen in section, to 
the deposition of silica, either upon or in the place of pre- 
existing crystals of calcite or of some 2eolite.§ 

• Breye : " Epistols de Melonibus petrefactie Montia Cftmiel." 1728. 
t Volgar : " Studien tut EatwickeluDgngeschichte der Miuoralien,* 

1 See Biwbor: " Lebrbucb d. Cbem. u. Pkys. Qeol." 180t}, Bd. BL 

^ { ''Oa Quarti, Chulcedonir, Agate. Flint, Chen, Jasper, and other Forma 
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But though there may not be much difficulty is tracing the 

origin of the silica, there are ou the contrary estreme difficulties 

In seeking to interpret some of the appearances presented by 

•gates. Why, for example, should the silica, in one and the 

flame stone, be sometimes deposited in the fonn of chalcedony, 

ind sometimes shot forth as crystallized quartz; now deeply 

coloured as bright red jasper, and now delicately tinted as 

ipurple amethyst ; at one time affecting a crystalline condition, 

■cd at another time colloidal ? Such alternations in the character 

f the deposits must have recurred again and again in the his- 

/ of many banded agates. The successive strata differ con- 

fiderably in texture, hardness, transparency, colour, and other 

bysical properti^ ; but vhat has determined these diSereuces ? 

iajer after layer has been spread in equal thickness over all the 

tr^ularities of surface, each coat exquisitely thin and delicate ; 

'r D. Brewster measured the thickness of some of these strata, 

d found them between ^,^jq and yryrij °^ ^^ inch.* How 

WvB layers of such extreme tenuity, and yet continuous, been de- 

i all round the inner walls of an irreguhirly shaped cavity ? 

lese are questions which, simple as they may seem to some at 

e first blush, will be found to grow in difficulty the more care- 

blly they are studied. 

Jakob Noggerath, the venerable professor at Bonn, who many 

Jt&TS ago paid great attention to tbe study of agates, always 

Btaictained that the liquid from which the silica was deposited 

gained access to the cavities through special openings, or inlets 

of infiltration.t In some specimens the canal actually remains 

<^n, but usually it has become choked by continued deposition 

rf nlica. An agate may be so cut by accident that the section 

paves through this infiltration-channel, as in fig. 1, PI. II., 

wh«e the original inlet is seen at a. In some specimens several 

apenings of tbis kind may be detected. Assuming, however, 

■pat the solution of silica was thus introduced, it is difficult to 

H|e how the deposit could have been regularly thrown down in 

^pnoentric layers all round the walls of the hollow ; no thicker, 

Bb it remarked, on the floor of the cavity, than on its roof. 

KL ia true we find in certain agates horizontal layers, as though 

Wke mineral matter had settled on the floor in obedience to 

KcBVity ; but then we are perplexed at finding that these fiat 

Hmds often alternate in the same specimen with regularly con- 

Hntric deposits, which run with uniform thickness all round the 

^g Sl\e» geologically considered." By Professor T, Rupert Jonea, F.R.S., 
Ha "I*n>c. Geoi Aaeoc." vol. iv., p. 44.1. 

■ • - PhUowphical MugnzinP," 1.3). vol. ixii. p. 213. , 

Bt Uebt>r dia Achftt-Mandelu in dcin Melaphjren. Haidinger's "Nafatf^fl 
Bin. Abbradlun^n," vol. iii. part i. pp, VS, 147. ^^H 
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walls, as ehown in fig. 2, PI. II. Bischof suggested tliat the 
horizontal bands were formed when the fluid, having been intro- 
duced rapidly, was then allowed to rest in the bottom of the 
cavity ; whilst the concentric zones were precipitated &om a 
solution which filtered in slowly, and merely spread over the 
walls without accumulating on the floor.* To avoid the diffi- 
culty of explaining the formation of banded agates by admifision 
of the liquid through special inlets, another hypothesis was 
advanced by the late Professor Haidinger. According to him 
the genesis of an agate could be best imderstood by assuming 
that, instead of a local infiltration, there had been a general 
exfiudation through the walls of the cavity, so that all parts^ 
the roof not less than the floor — would thus become uniformly 
coated with silica. The great objection to this esplanatioD 
lies in the difficulty of imderetanding how the solution could 
continue to gain access to the cavity after the first imperm^ 
able layer had been deposited. Most mineral substanoea are 
porous, and Bi§cbof has cited the case of a compact basalt 
which when freshly broken was found to contain drops of water 
in the very heart of the rock. Some of the layers of agate are 
permeable with great ease, either through distinct pores or 
between the fibres of which chalcedony commonly consists, as 
shown imder the miscroscope. But it will be presently seen, 
when referring to the method of staining agates, that whilst 
some layers are thus freely permeable others appear to be ab- 
solutely impervious ; and it is diEGcult to conceive how the agate- 
forming process could be continued after an impervious lining 
had once been thrown down upon the walls. To meet this 
objection, however, it is argued that every agate is sufficiently 
penetrated by direct fissures to offer means of ingress to the sili- 
ceous solution. Whatever views may be heldas to the formatioa 
of the main mass of the agate, it is generally belim'ed that iht 
first lining of the cavity, in the form of a thin layer of delesaite, 
or ferruginous chlorite, which constitutes the green rind of 
most agates, is the result of a general percolation and not of 
local deposition. 

As both theories obviously present difficulties, a third mode 
of origin has been suggested I>y Dr. Keusch.f If a thin on 
of plaster of Paris be introduced into an irregiilarly-shaped 
cavity, shaken roimd, and then poiured out, a layer will be left 
lining the walls of the hollow ; by introducing in this way 
plaster of various colours, successive layers are formed ; and, on 
cutting open the nodule, the appearance presented is etrildngly 
similar to that of a section of a landed agate. Reu^h supposes 

• " Lehrbnch d. Cheiii. u. Pbya. Qeologie," 1880. voL iii. p, 030. 
t Ueber 6en Agat, Poggendorfl'a " Annitlen,*' VoL cixiii. p. M. 
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that by tbe action of intermittent thermal springs the cavities 
in the amygdaloidal rock have been alternately filled and 
emptied. The solution carried upwards would certainly be 
more concentrated, and probably more highly coloured than 
the descending Bohition, from which much of the silica had of 
course been separated during ita Bojoum in the cavity ; hence 
the differences in the characters of the different layers. Not 
altc^ether satisfied with this theory, Herr Lange, of Idar, has 
suggested some modifications which he conceives will help to 
account for the r^ular deposition of thin layers linin g the walls 
of the cavity.* He supposes that after gelatinous silica has 
been precipitated on the floor of a cavity, an accession of tem- 
perature causes the water to boil, and the pressure of the steam 
then forces the jelly in all directions against the walla of the 
enclosed space. If the tension of tlie steam become too great, 
it forces an exit by piercing the shell ; hence what we commonly 
call inlets of infiltration may after all be exactly tbe reverse — 
eruptive, instead of irmptive, canals; channels of egress rather 
than of ingress. 

Both Reusch and Lange argue in favour of the deposition of 
.lilica from heated solutions. Great, without doubt, is the 
solvent action of water at a high temperature, and great the 
proportion of silica capable of being thus held in solution, as 
testified by the vast mass of siliceous sinter deposited by tbe 
hot springs of Iceland, Colorado, and New Zealand. It has 
been well established too by the experiments of M. Daubree,'|" 
that certain silicates are readily attacked by water at high tem- 
perature and pressure, and suffer decomposition with separation 
of silica. But, on the other band, many excellent chemical 
geologists are satisfied with the feebler power of cold water, and 
see a sufficient cause of agate-making in the slow but ceaseless 
action of meteoric waters draining through the rock, dccom- 

Kong the component silicates, and depositing free silica. Such 
ion must necessarily be slow; so slow, in feet, that, according 
Biscbors estimate, tbe deposition of a layer one line in thick- 
B requires twenty-one years. In order to form one pound of 
amethyst at least 10,000 lbs. of water must have been intro- 
duced into the cavity and evaporated ; an action which has 
been estimated to occupy the vast period of 1,296,000 years.J 
But this represents the formation of only a small stone, whilst 
in some parts of the world agates of gigantic size have been 
brought to light. Thus, an agate weigliing a centner (llOIba.) 
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was found near Oberatein in 1 844. The cavities in whieh the 
larger agates occur, were probably formed by the coalescence of. 
several gaa bubbles in the original lava. 

Whatever agates are found in tliis country are comparatively 
small, tbe finest being the well-known " Scotch pebbles," prin- 
cipally from the Perthshire traps. Larger and finer stones are 
fomid in the melaphyre of Oberatein, especially in a hill known 
as the Cralgenberg, or Steinkaulenberg, near Idar, a small town 
about two miles from Oberstein. As the mother-rock decom- 
poses, the imbedded agates fall out, and these accim:inlating in 
the soil attracted attention at a very early date. It was, in 
feet, this occurrence of agates that led to the systematic tjuarry- 
ing of the melaphyre, and to the planting of agate-mills in the 
neighbouring valleys. Documentary e\idence carries us back 
foiu- centuries, to a.d. 1454 ; but how much earlier the Galgen- 
berg agates were worked it is difficult to conjecture,* Only, 
however, within the last forty years has the industry been fully 
developed, and this development has unquestionably been due 
to tbe large supply of fine stones from South America. In &ct) 
for many years past the agate-quarries of the Galgenberg have 
not been worked. The writer of this article visited them about 
ten years ago, under the guidance of an old agat<?-worker in 
Idar, but found that tiiey had been long deserted. Adits had been 
run into the escarpment of tbe hill, and the softer parts of the 
melaphyre worked by irregular galleries. Agat«s, more or lesB 
perfect, are scattered in all directions over the floor of the 
workings, and may be picked out of the walls and roof; but 
these rtones, though pretty enough as specimeus, are ft>r tbe 
most part scarcely worth cutting, consisting, as they general^ 
do, of a thin rind of chalcedony, lined with a crop of ameiby^ 
crystals. A few German agates may, however, be still gathered 
hy the poorer workers, though practically the mines have been 
abandoned iu favour of the South American stones.t 

It was in 1827 that some Idar agate workers, who had 
emigrated to South America with the view of settling in the 
German colony of St. Leopoldo, olieer>-ed that the court3rard of 
a country house was paved with pebbles not unlike the familiar 
stones of their own bills. Specimens sent home, when out, 
polished, and stained, turned out to be beautiful cameliao. 
The fortunate discoverers collected with ease, from the bed of the 
Rio Taquarie in Uruguay, several hundredweight of the loose 

* " Die Halbedelsteine und die Geschichte der Achat-Indufltrie," von 0. 
Lftnge, Tbe writer is much iodebted to this work for local nod tucbnical 

t For ft deacription of the quarries as tliey appeared thirty years ago, cee 
Mr. W, J. Ilumilt.-in'* psper in ■■ Quart Joum. Geol. 8oc.," vol. i?. p. SOO. 



stones, and despatched them to Oberstein. From that day to 
this the South American stones have been constantly imported, 
and still form the staple material with which the German mills 
are fed. Numerous other discoveries in Uruguay have been made 
by emigrants from the agate district of Oberstein, who have 
d«vot*d themselves to the task of collecting the stones — a task 
which at the present time is always difficult and often 
dangerous. 

Originally the stones were collected with little trouble, and 
fihipped at little cost; tbey were found loose in the soil, and 
brought over simply as ballast. Of late years, however, the 
trouble and cost have been greatly increased : the agates, 
l-ecoming scarcer, are found only with difficulty, the owners of 
the soil demand a rent for the right of search, the Govemmenta 
of Uruguay and Brazil impose an export duty on the agat*a, 
^^•d the shipowners charge for their freight. Large quantities 
^^■these so-called "Brazilian stones "are nevertheless still im- 
^^■kted, and the impetus given to the agate trade by their 
^^■Kovery half a century ago is not likely to die away. 
I The agates, having been collected in the interior, are sent 

down to the coast in waggons drawn by mules or by oxen ; 
tfaey are generally taken to Porto Alegre or to Salto, whence 
tbey are despatched to Montevideo and Buenos Ayres in order 
to be shipped to Europe. Hamburgh, Antwerp, and Havre 
hare at different times been their destination ; but at whatever 
port received they are sent thence by rail to Oberstein. The 
camelians, on account of the small size of the pebbles, are 
packed in cases, but the other stones, unless of exceptional 
quality, are conveyed in open trucks, like common paving 
stones. Arrived at Oberstein, tbey are sorted, and made up in 
lota, which are exposed for sale by auction in the courtyard of 
some well-known inn. Advertisements are inserted in the 
local papers (the Amte-Blatt fHv claa Fursteiithum Birken/eld, 
or the NaJiethal Bote), and previous to the sale the agate-workers 
examine the parcels of stones, chip off fragments, and test them 
at home with special reference to their capability of receiWng 
colour by processes to be presently explained. The stones, 
when purchased, are sent to the agate mills, where they are cut 
tad polished on wheels tomed by water-power. 
^B la determining the location of the agate industry an abundant 
^^htply of water-power was a factor quite as important a*) the 
^Bneence of the stones themselves. From the heights of the 
^Kochwald and the Idarwald, in which the Hundsriick cul- 
minates, numerous streams roll down with great rapidity, and 
finally pour themselves into the river Nahe. Of these streams , 

the most importar' 'he agate-worker are the Idarhach and ^ 

IFischbach, e Hie former. The little Idar is about ■ 



1,012 feet above the sea-level at the town of triar itself, but at 
Oberstfin, where it falls into the Nahe, its height is only 905 
feet. In the valley between the two towns, scarce a couple 
of miles apart, most of the agate-miUs are situated. In 1867 
there were 1 53 mills, working 724 stones ; and though the greater 
number of these are in Birkeafeld, some are situated in the 
adjoining Prussian territory. 

Each mill contains from three to five stones, set on a hori- 
zontal axle, one extremity of which, passing outside the 
workshop, communicates with a water-wheel, by which the 
millstones are set in motion. Most of the older wheels are 
imderahot, but overshot wheels are erected in the modem mills. 
Each wheel measures from 10 to 18 feet in diameter. As the 
working is dependent on a due supply of wat«r it formerly 
happened that the mills were compelled to stand idle during 
the drought of summer or the frosts of winter ; artificial pro- 
vision is, however, now made for a supply of water during the 
dry season, and the use of steam has been introduced to a 
Uinited extent. WTien the writer last visited Obersteln, a 
small engine of 1 6-horse power was working in the mill of the 
fiebriider Purper in Idar; this engine gave motion to five 
millstones, accommodatinj; ten men, but was capable of turning 
eight stones, employing sixteen grinders. Another engine was 
working at Herrstein. 

The millstones are made of red sandstone from the Bunter of 
the neighbourhood of Landstuhl, near Mannheim. Each wheel 
is about five feet in diameter, and rotates in a vertical plane ; the 
lower half of the wheel moving in a well beneath the floor of the 
workshop (fig. 3, PI. II.), The broad edge of the wheel is kept 
moist by a stream of water constantly trickling down from a 
launder running above the series of stones. Before being brought 
into use, the wheels are seasoned by exposure for some time io 
the open air. Stones fresh from the quarry have been knows 
to suddenly fly to pieces while rapidly rotating ; and on two 
occasions grinders have thus been killed in the Oberstein mills.* 
The stones generally make three revolutions per second. 

When choice stones are to be worked, it is usual to begin 
by slitting them into shape with steel wheels and diamond 
powder. The commoner agates, however, are not sawn, bat 
roughly dressed with hammer and chisel, the workman 
acquiring hy long practice great dexterity in striking Uie 
stones iu the proper direction to insure the desired fractnre. . 
The grinding is effected on the broad edge of the red sandstoiie J 
wheel, which is furrowed with channels corresponding in shape I 

* Detcription of the Agate Mills at Obarstein in Oennaof. " MechaoicV I 

Miitneme," leL'.t, vol. L p. 199. I 
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with the form which it is desired to give to the object iinder 
hand- Sometimes tlie agate is held simply in tlie grinder's 
hand, but usually it is attached to the end of a short stick, and 
thus applied to the moving wheel. During the rapid rotation 
of the wheel the siliceous stonea are all aglow with a beautiful 
phosphorescent Ught, visible even in daylight ; and the spectator 
can hardly bring himself to believe that the caraelians are not 
red hot. The phenomenon has been studied by Professor 
Ntiggerath,* 

One of the most striking, and at first sight painful, features 
in an agate-mill is the extraordinary position in which the 
grinders perform their work. Each stone accommodates two 
men, side by side : but these men, instead of sitting at the 
wheel, lie stretched in an almost horizontal position, as repre- 
sented in fig. 3, PI. II. Tlie workman lies upon a low 
vooden grinding stool, specially constructed to fit to the chest 
and abdomen, leaving the limbs free ; the hands are engaged in 
holding and guiding the agate, whilst the feet are firmly 
pressed against short stakes, or blocks of wood, screwed into the 
floor ; the reaction enabling the grinder to press the agate with 
much force against the moving millstom-. Long experience 
has shown that in this unnatural position the workman has the 
greatest command over his work, and the grinding is, in fact, 
carried on traditionally in the same way as it was certainly done 
a century ago. Our figure, though copied from a famous work 
by M. Collini, published in 1776,t fairly represents the agate- 
grinder as he may be seen to-day at Idar. It might be 
supposed that the health of the workman would suffer by this 
constant compression of his chest, bnt so far from this being 
the case, the grinders seem to he a strong class of men ; they 
are often to be heaid singing cheerfully at their work, and are 
contented though receiving extremely low wages. It is, in 
fact, the low value of labour in this rather out-of-the-way 
district that enables dealers in this country and elsewhere to 
sell polished agates at excessively low prices. 

After having been ground, the agates are polished on 
cylinders of hard wood or on metal discs, either of lead or of 
zinc ; these are caused to rotate by leather bands connected 
with the axis of the water-wheel which turns the millstones. 
Moistened tripoH is employed as the polishing agent. The hol- 
lowing-out of vessels, such as howls ; the boring of agate-beads ; 

• " PhiloHophical Magarine," (4) vol. xlvii. p. tlS7. 
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and the pograv-ing of cameos, on t 

working which are largely practiserl at Oberstein, but which 
have no space here to descrilie. It remains, however, to notice 
one of the most interesting departments of the industry. 

Beautiful as ngat«9 iinquestionaLIy are in their natural state, 
their beauty is, in the judgment of most people, greatly en- 
hanced by the artificial proceflses of colouring to wliich the stones 
are now almost iiniversaUy subjected by the Oberstein workers. 
Not that the art of staining is by any means a modem discovery. 
It was, in fact, known to the ancients, and the matter did not 
escape the notice of the omnivorous Pliny, though liis description 
is obviously imperfect." He tells us that the Arabian stones are 
purified by leaving them for seven days and seven nights in honey. 
Now the stones might be left in honey till Doomsday without their 
tint being in any wise improved, and yet not a word is said with 
respect to any further treatment. If a stone, which has been 
steeped in honey, be placed in sulphuric acid, the acid entering 
the pores of the stone decomposes the saccharine matter which 
has been absorbed, and a deposit of carbon is thus thrown down 
in a finely divided form in the interstices of the stone, producing 
a deep black colour. To believe that the ancients stained their 
agates in this way is to assume that they were acquainted with 
oil of vitriol ; but as it is generally believed that this acid was 
first obtained by Basil Valentine in the fifteenth century, aome 
writers have suggested that the Roman stone-workers availed 
themselves of the snlphmic acid naturally cxlialed in certaia 
volcanic districts, whilst otliei-s again have maintained that the 
sugar was charred by simple exposure to heat. In whatever 
manner the ancients effected the colouring, it is certain that 
the Italian cameo-workers have always been familiar with a 
process of staining, and these workers were in the habit of 
visiting Oberstein, from time to time, for the purpose of pui^ 
chasing the finest onyxes, which they took back to Rome, there 
to be stained and engraved. The German workers, who sold the 
uncoloured stones, remained, however, entirely ignorant of the 
process until the year 1819. It then happened that a native of 
Idar and one of the Roman stone-engravers got into difficulties 
in Paris, and were imprisoned together ; during their confine- 
ment they became communicative, the conversation frequently 
turned upon agates, in which thoy had a common interest, and 
the secret escaped irom the loquacious Italian. Shortly after- 
wards it was conveyed to Oberstein, and, once out, soon became 

• Sec Noggerath'a paper. "Die Kunst Onyie, Carneole, Chalwdone, nnl 
uidere verwandte St«me zu farben, zu Erliiutenmg eitier Stelle des Pliniua 
Secundus." (" Neups JahrWch," 1847, p. 473,) The passage refmed to 
ia in riiDj''a " Nat. Hiet.,'* bk, s^xvii. cap. 75. 
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commoQ property. The art of colouring, bo aa to produce good 
uayx &om comparatively wortliless stone, gave great impetus to 
the manufacture. 

As at present practised, the stones, having been well washed, 

i usually placed in a syiup of honey and water, or in some 

, in olive-oil. They are then exposed for some time — at 

1st three days, and often longer — to a moderate heat, in a 

sel standing in hot ashes or on a German stove, care being 

iken that the liquid does not boil. When removed tliey are 

well washed and placed in sufficient commercial oil of vitriol to 

<;oTer them, and again exposed to gentle heat. After they have 

^taken colour, they are removed and well washed ; and it is often 

^^H|e practice to finally lay them in oil, which improves the 

^^ntre. If too strongly stained, the colour may be " drawn " by 

^^Bie action of nitric acid.* Tlie rationale of the process of 

^olouiing is extremely simple. Certain layers of an agate are 

found to be porous, whilst others are well-nigh impervious. 

When, therefore, such an agate is steeped in syrup or in oil, the 

liquid is absorbed by the porous layers only, and the subsequent 

treatment with sulphuric acid carljonizes the saccharine or 

oleaginous matter, and thus produces a deep brown or blackish 

colour in certain strata, by impregnation with carbon. Some 

agates never lend themselves t« tins treatment, and altogether 

rrfuse to take colour, whilst others colour in a few hours : the 

South American stones usually take the colom- readily, and 

tience their great value to the cameo-worker, 

It is clear that the essence of this process lies in the differ- 
ences of texture displayed by the various strata in an agate. 
Such differences are strikingly seen when a polished section of 
an agate is exposed to the action of hydrofluoric acid ; the dif- 
ferent layers are then corroded in different degrees, and a rough 
BUidace is obtained, from which Dr. licydolt has been enabled to 
print perfect impressions, showing with fidelity every line in the 
structure of the stone.t 

At the same time that the porous layers of an agate are 
fleepened in colour by the process of staining, the intervening 
iinn-porous strata appear to be brought out of purer whita 
c'.ilour than before. This is probably in many cases the effect 
of contrast only ; but it is known that chalcedony of bluish tint 

■ly by the action of heat be converted into a pure white stone, 
hen an agate hag been properly stained it usually exhibits 
«mate bauds of strongly-contrasted black and white chalce- 
ny. thus becoming a true onyu: — a stone greatly prized by the 

• " The Science of Gams." By Archibald Billing, M.D., &c 1867, p, 63. 
"This intereating work contain! a view of OberBteiu. 
f f " Denkschriftea d. k. .\k. d, WisseoBchaften." Vienaa. vol. v. p. 107. 



cameo-worker, who skilfully engraves a subject in the white 
layer, which then stands out upon a dark-coloured ground. 
If the lower stratxun, instead of being black, be brown or red- 
dish, the stone is known as a Harilanyx : large numbers of such 
Btones are cut for setting in rings. The reddish tint of the 
sardonyx and of the camelian may be readily developed arti- 
ficially, and the process of " burning " by which this ia eiTected 
was indeed known in Germany long before the methods of 
colouring onyxes were patent. It had often been observed that 
greyish -coloured agates, after long exposure to simshine, be- 
came reddened, and the effect of artificial heat in developing 
the colour had likewise I>een accidentally observed. Experi- 
ments were tried in 1813, and since then the stones have been 
systematically burnt whenever camelians are required, aa has 
indeed been practised for ages iu the East. The German work- 
men expose the stones for several weeks to the heat of an oven, 
the temperature being at first very gentle, and then gradually 
raised. ^VTien all moisture has been thus expelled, the Btones 
are moiatened with sulphuric acid, and again exposed to heat, 
the temperatiu-e being this time slowly raised to redness. The 
reddened stone must of course be allowed to cool very gradually. 

In 1845 an Idar manufacturer introducefl a method of 
colouring stones bright blue ; but this process, unlike those pre- 
viously described, produces an effect quite unknown among 
natural stones. Commonly, the agate is steeped first in solutioD 
of a ferric salt — a per -salt of iron — and then in ferrocyanide of 
potassium, or yellow pnissiate of potash, whereby a precipitate 
of Pnissian blue is thrown down in the pores of the atone. 
Other methods are employed, but these will suggest themselves 
to any chemist ; in fact, almost any process yielding a blue pre- 
cipitate may be applied. 

About the year 1S55 a green colour was introduced, and 
chalcedony was thus tinted to resemble the natural chrysophrase. 
This colour is produced by the use either of chromic acid or of » 
salt of nickel. Yellow is also a favourite tint among the 
Oberstein workers, and is commonly obtained by steeping the 
Btones in hydrochloric acid. Of late years various fancy colours 
have likewise been employed, and even the aniline dyes have 
been pressed into the lapidary's service. Such tints are, how^ 
ever, fugitive, and are certainly to be eschewed as utterly un- 
natural, and therefore to most mineralogists little short of 
repulsive. 

It is unnecessary to follow any of the minor branches of the 
agate industry, but in dismissing tliL- subject let it not be for- 
gotten that it is an industry which, in the neighbourhood oC 
Obetstein and Idar, gives employment to some three thousand 
bl^MkduDg aud contented people. 
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PcFund origiDally in the interior of Uruguay ; brought first 
the coast at much trouMe, and then shipped to Europe ; con- 
veyed by train to Oberatein, and there Kold by auction ; cut, 
ground, polished, and stained by the skilful German lapidaries ; 
and finally distributed through agents to the fairs, wateriog- 
plaees, and chief towns on the Continent, in England, and even 
in America, — such, in brief, is the history of by far the larger 
number of agates which at the present day are found in the 
market. If, knowing this, we are imable to regard them as 
indigenouB products of the locality in which they ju-e sold, surely 
they are still worth treasuring for their own sake. Beautiful, 
durable, and marvellously cheap, they are justly popular as oma- 
meatal stones ; and it is hoped that the effect of this article will 
be to encourage, certainly not to injure, the branch of industry 
"wbicb they represent. Nor are they less instructive to the 
•cientific student. It is hard to find any polished section of 
■gate which does not offer enigmas as to its genesis that the 
''Viaeet among us must confess himself unable to fully solve. 
"Agates, I think," says Piofessor Ruskin, "confess most of their 
past history."* But in spite of what has been already deci- . 
phered, this history yet remains in most cases to Ije read. Mr. 
Kuakiu himself has contributed to the "Geological Magazine"f 
some singularly suggestive papers touching upon the subject, 
illustrated by tinted plates of agates, full of truth and beauty. 
By calling attention to the subject afresh, though all too briefly 
in the present article, the writer trusts that inquiry may be 
stimulated and interest quickened in the much-misunderstood 
¥Qbject of Agates and Agate-working. 



DESCRIPTION OF PLATE. 

tta. 1. Seclion of Agate, Blowing inlet of infiltration {a), m support o! 

Prof. Xogi^ernth'a bj'pothe.iia. 
ho. 2. Section of agata, showing both Lorizoutal and concontric kjeta, as 

seen in many stones fruni Uruguay. 
, Agate-grinder of ObersWin at witrk. 



" TLe Ethics of the DiiBt," p. 100. 

" On Banded and Brei'cialed Concretians," a serieB of papers in the 
¥ (ieoL Mag." for the years 1807 to 1870. Some of these illuatrationa have 
a recently rcpiuduced in Mr. Ruskin'ti " Deuciilioa," 167U. 



I& 



ODSMmor or the labgex puset& 



to lie «ria>n« OaC tW flwirtw Ji^iter «d a^CHs an tfa w 
tolf— ly hM aw (a ihiae a «ne dcsRc «iA JiIhfiI ^^ 
AldMgh it k aot at aB aMowyAr the gnnl Amt «fciA 
I hsfc advocated iMpecCiBK tbe on£<MM «f the Iai^» plueu 
Unt «n poctioD of tlKir brtre AotiU be R^oded as inhcnat, 
ytt an V<^tl** ttjarhriwi docs bcmr to MOie degne tm. oac «f 
the argHDHiU «Ud bare been tnged in faroor of this thneey, 
the oppuflvnity mmsm convnucBt for mnunng op thne m|>iH' 
aMOt« aad dbniwinjt briedy tha oonnderatianfi on vhieh 
Tofd bawa Ui obJM^oo. 

I wuaU mnaric at the outaet that I do mot hy mnj m 
■Imm the opinloa of MUne wbo, in dealing witfa thL* qneatko, 
and other ^neations of a like natore, fasre nid that it ■■"**'ti 
v«Ty Ultie wbat thtorj is adopted eo that it is a eoorenicnfc 
trarkinf; hypotlwsui, a itriDg, tu to tpeak, on which to thiend 
thn olMerratioDii. It will be found that this method of viewing 
nwttimi IN ucvcT i:xpr<n>ul except liy pcnons who have &Ilen into 
" i bahitof iic<.-)in]tdftiiti(; oliMTvatioDB without reamniDg upon 
(BB« — in ffict, without uUIisin^; them. ObscrT&tion is with thtno 
% % UtranM but an ^nd. It sCL-mN to me, or rather 1 mar epeak 
Hacuntideiitlyanil nay that thi? whole history of science proves, 
that the real value of oUiervation and experiment lies not in 
Ibemwlvcf, but iu what may be deduced from them. Tfa^ ■» 
thn raw mat«<rlal whence aciontiiic knowledge is to be maon- 
f»cture«]. It ii not thi- object of a theory to afford a convenient 
nuiaiiM of clmwifying obHervations and also to &u^;est occasion 
for malcing them, but to educe their real significance; and the 
nolo roKHonablo object of observations is to suggest the truo 
theory and to aflord the meiinti of testing and rejecting false 
oni!H. To AMert that it mattem little what theory is sug^^rated 
so long iia it affords a convenient means of classi^'ing obeer^'a^ 
tlouk) it OH aliMunl lu reality as it would be to assort, that it 
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lera very little in what manufacture raw materialu of a 

ieular kind are employed, hO tliat the manufacture affords a 
of sorting tfaem away and making room for fresh 
of them. The object of manufacture is to make articles 
shall have real value, and raw materials are solely of use 
in so far as they can be employed in the manufacture of articles 
<f such a nature. In like manner the object of theorizing or 
rea«oniDg is to discover actual truths, and observations are only 
uieiiil in so far as they enable us to discover such truths. The 
mere observer who argues that observation and not reasoning is 
real science, may be compared to an organ-blower who shoidd 
argue that his ivork, not that of the organist, constituted real 
music. The organist cannot play without wind, the manu- 
&cturer cannot get on without raw materials, and in like 
manner Kepler would never have established his laws without 
the observations collected by Tycho Brahe, nor would Newlon 
have discovered the law of gravity without the raw material 
collected by Flamstead ; but as it is important in organ music 
that the wind he exhausted in melody not in mere noise, and 
important in manufacture that the raw material be employed to 
make useful not useless articles, so it is and has been a matter of 
coDniderable importance whether observations have lieen idly 
worked up in false systems like those of Ptolemy or Descartes, 
or wisely used to ascertain the truth, as by Copernicus, Kepler, 
or NewtuD. 

The theory which is now to be considered is this, that the 
planets Jupiter and Saturn are still in a state of intense heat, 
being at a much earlier stage of planetary development than 
our earth or those four companion orbs, j\lercury, Venus, Mars, 
~ the moon (in one sense more specially a companion than 

others] which have been called the terrestrial planets. 

At the outset it may he well to consider the evidence for the 
only other theory which has been advanced on the subject — the 
theory commonly accepted with apparently as little question as 
though it had been the result of long and profoimd investiga- 
tion, had been tested in every possible way, had been weighed 
and not fomid wanting by all the ablest astronomers the world 
has known, Tliis is the theory that Jupiter and Saturn are 
bodies in the same condition as our earth. 
It is not easy to find any reasoning whatever bearing upon 
tlieory. It would seem almost that so soon as Copernicus 

shown that the planets do not travel round the earth as a 
itre, but the earth with the planets travel around the sun, 
the conclubion was at once adopted that the earth and the 
planetij are of necessity bodies of the same natiye ; and that as 
no one was at the pains to question this doctrine, it became 

lually regarded an one tliat had been established by demonfej 
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strative evidence. The few instances of anything like reaiioDit^ 
which I have been able to lind scatt£red here and there in books 
of aatronomy amount to what follows : — First, becautie Jupiter 
and Saturn are planets, and the earth is a planet, therefore those 
planets are like the earth. (This argument ia open to the 
objection that it begs the (juestion, which is, Wiether other 
planets resemble the earth.) Jupiter and Saturn are globee 
like the earth (also like the sim and moon). They rotate on 
their axes, and therefore if they are iuhabited worlds like the 
earth, they have day and night, and in that respect are like the 
earth. Tliey circle around the sun, and tlius if they are worlds 
like the earth, they are like the earth in having a year ; also in 
having seasons, since their axes are not perpendicular to the 
planes in which they travel. It would he alsurd to tnippoee 
that globes ao magnificent were made for no special purpose, 
but we can conceive no special purpose they can subserve except 
to be the abodes of life ; therefore they are worlds like our earth 
(though the sun, constructed on a still more magnificent scale, 
is certainly not sucli a world, or the abode of life). Their rnoooa 
are manifestly intended to make up to them for their remote- 
ness from the sun (only, when we calculate how much light 
these moons reflect to their primaries we find that they supply 
but a small fraction of the amount we receive from our moon). 
Tlie rings of Saturn were manifestly intended for the benefit of 
Saturn's inhabitants (though they only reflect light to the summer 
hemisphere of the planet, and besides turning their darkened 
side to the other hemisphere, cut off the whole of the sun's light 
for many months, in some cases for several of our years, in su^ 
cession). The belts on Jupiter and Saturn may be likened 
again to our trade wind zones, to which, however, they hear not 
the remotest resemblance, whether we consider their condition 
at any given time, or the rapid changes they undergo from time 
to time. In fine the arguments used by the few writere who 
have condescended to present even a show of reasoning in lavour 
of the theory that Jupiter and Saturn resemble our earth in 
condition, amount practically to this — that, assuming all planets 
to be generally similar, Jupiter and Saturn are like our earth in 
general respects, in which case they also resemble her in several 
details. 

I do not consider it necessary to discuss Whewell's theory that 
Jupiter and Satura are intensely cold planets, because it is pro- 
fessedly based on the theory that they are formed of such ter- 
restrial elements as would, if in the same condition as upon 
the earth, have the obsened density of Jupiter and Saturn, and 
that these substances, being further removed from the sun, are 
correspondingly refrigerated. There is not a line of direct 
I reasoning, either a priori or a poBtenori, in WTiew^'s 
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Iftpten on tlie larger planets — only reasoning which depends on 
'the aasumptions which had been made by those whom Whewell 
proposed' to controvert.. In fact his theory may be regarded, 
ijnd was probably regarded by himself, as merely a reductio cu.l 
alfiurdum- of the imreaaoning faith of thosu who liad long held 
unchallenged the belief in the liabitahility of all the planets. 

I proceed to indicate the leading arguments for the theory 
that Jupiter and Saturn are still intensely hotj noting first that 
I do not propose to discuss the details of the various arguments* 
I which I liave already done elsewhere), and secondly that the 
iiFj^imente are not dependent one upon the other, but severally 
in lie pendent, so that if any seem weaker than the rest, the con- 
closion is not on that account invalidated, but the weight of 
evidence only pro canio diminiahed. It is important to notice 
liiis, because many who, in examining a series of arguments, 
recognize, or suppose they recognize, some weakness in the 
■. lidence of one or other argument, are apt to infer that the 
^.■'.■nclusion ia to the same degree in^nlidated as it would be if 
the arguments were dependent, and therefore each one essential 
to the establishment of the conclusion. 

The first argument for the theory is that derived from the 
now accepted liypothesis of the growth or development of the 

i.'lar system. It is rendered to all intents and purposes certain, 

i« well from the evidence of the earth's crust, as from ttiat 
:;iven by the movements of the sun, planets, asteroids, and 
liatelliteH, that the solar system was developed from a former 
uebnlouB condition. Tlie process of development may have 
been that conceived by Laplace in his nebular hypothesis, wliicb 
may be described as the contraction theory, or that recently 
-ii:^gested hy meteoric discoveries, which may be called the ac- 

r ■ tioti theory, or, far more probably, the solar tystem was formed 

ly combined processes of contraction and accretion. But in 
^uiy case the planets as severally formed were intensely heated, 
partly vaporous, partly liquid bodies, tlie larger being the more 
lirated. It is no longer supposed, as in Laplace's time was the 
■ .i..*e, that the outermost planets were fiisbioned first. They 

liiy have begun to Ixs formed first — this, indeed, is altogether 
I'lubable — ^hut the vastness of their bulk suggests that they 

■suot on gathering in matter and contracting (forming in the 
praceas their systems of moons) long after such small planets as 
Mars or Mercury, though Ijegun much earlier, had gathered in 
their entire substance. It seems indeed not at all improbable 

* I m>j, perhiips, be pecmitted (n remark liore, tbat the JetoiU of mauy 
Rmong the aiguinenU hera iudicated will be fouad fully discuased ia uij 
L«itur« dclivi;red at Glasgow oa Nofembei 8 laat, and published by 
UeMn. CoUiiu, of lliut city. 
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that neither Jupiter nor Sattim have quite passed through even ' 
the first Ktage of planetaiy development, the ring-sjsiem of 
Saturn being suggestive of matter aa yet not completely worked- 
Up, so to speak, in that planet's system. But whatever uncertainty 
rests ou this question there is none as to the original intense 
heat of those larger planets. They must have been far hotter 
when first formed than was our earth at the corresponding stage 
of her development. Nor is it at all open to doubt that each stage 
of cooling would be much longer in the case of these planets 
than the corresponding stage of our earth's cooling.* Jupiter 
contains 340 limes as much matter as the earth, so that if the 
two orbs were of the same density Jupiter would have a diameter 
seven times as great, and a surface about forty-nine times aa 
great, as the earth's. He woidd radiate, therefore, if at tho 
same temperatiu-e, forty-nine times as much heat ; but he would 
Lave about 340 times as much heat to part with for each de^«e I 
of cooling; hence his rate of cooling would be slower is 
the proportion of about 7 to 1. Jupiter appears actually to 
have a much greater volume than 1ms been here supposed, his 
diameter exceeding that of the earth nearly ele\"en times, and 
his surface exceeding hers about 115 times. Tliis woidd still 
leave his rat* of cooling slower in the proportion of about three 
to one. But inasmuch as it is certain that if formed of the 
same material, Jupiter, when at the same stage of cooling, 
woidd l>e much denser than the earth (because of his greater 
attractive energy), our assumption rather falls short of 
truth titan exceeds it. The argument next to be conaidei 
will sufficiently indicate this. To complete the present 
ment it is only necessary to add that the ii-arioiis stages 
cooling through wliich our earth lias already passed have 
tainly reqiured liundreds of millions of years, wherefore 
corresponding stages for Jupiter would require srren times 
many hundreds, and the total period required by Jupiter to' 

* The iLTgiinioDt liere used vra» first ndrnnced b; Sir Ignite XewtOB. 
" A ifloba of iron an iuch in dinrneler," ho aays, " exposed rod hut to Uia 
npeo air, will Bcnrcelj losu till its bent id au hour's time ; but a prmUr 
globe would retnin its heat longer la the proportion of its diiimeba', booaUiB. 
the Hiirfitre (w proportion to which it ia cooled by tlie ennlact of Hit 
BinbieBt air) is in tbnt proportion less in respect uf the qunotity of thtt 
Inclnded hot mutter : and therefore n nloho of red hot imn equol to oar 
earth, thst i* nbout 40,000,000 feet in dinmeter, would scarcely rool in SB 
equni number of daj», or in nbout 50,000 jenrs. Hut I suepvot that Am < 
duration of heat msy, on account of fame latent cnuseB, iucrense in a y«t leM 
proportion than that of tho diameter; nnd I ahoiild be glad that the tni» 
proportions were inrestignled by experiments." ItuHun (uocoriling 10 
Bailly) made experimeots of the Idod, with results conlltming NvwtoaV 
opinion. 
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Ttach the earth's present coudition of development would exceed 
tile time during wbich our earth lias endured, from her heffin- 
&iog imtil now, slj: timeH, even though Jupiter at his beginning 
were no hotter than the earth. As he was certainly much 
hotter, it may fairly be said that he would require thousands of 
millions of years to reach the stage which the earth has reached 
after hundreds of millions of years ; and tliat, if the two planets 
were both tashioned at the same time, Jupiter must still requii-e 
tboosanda of millions of years before he will have attained to 
that stage of planetary life through which our earth is now 
paaring. Saturn would not be so fkr in the rear of our earth 
because his mass does not exceed hers so greatly. Still he 
contains nearly a hundred times as much matter, and must be 
rej^arded as in all probability, so far as this first argument alone 
is concerned, hundreds of millions of years beliind our earth in 
point of development. 

The second argument is tliat derived from the small density 
of Jupiter and Saturn, Jupiter has a volume exceeding the 
-nrth's about 1250 times, but a mass only exceeding liera 340 
' :nie8. Saturn's volume exceeds the eaith's 700 times, his mass 
. rily 99 times. Jupiter's mean density is therefore about one- 
; nuth, Saturn's about one-seventh, of the earth's. Science 
ijij longer accepts tlie belief that either planet is formed in the 
main of ditl'erent materials, spectroscopic analysis having 
demonstrated the existence of a general tmilbrmity of structure 
■IrToughout the solar system. Neither can science any longer 
luiit the possibility that Jupiter and Saturn are hollow globes, 
' periment having proved that under the pressure exerted by 

■ i L mails of either planet, a substance a hundred times stronger 

■ J .in the strongest steel would be perfectly plastic tlmjiighout 
■'-■ greater portion of either planet's interior, so that hollow 
-[tice«, if they could be formed for a moment, would fill up just 
■\- an open space formed for a moment by thrusting water on one 
."i'it fills up as the water flows back to its normal position. We 
;ue forced then to believe that there is some ciiuse at work to 
"\ercome the natural tendency of the planet's mass. Doubtless 

iiiji cause is the same which operates to prevent the sun's mighty 
li^iid from concentrating, as it would, into an intensely dense 
t;lube, were its gravitating energies left unresisted — viz., intense 

KThe Bun is, of course, very much hotter than Jupiter 
Saturn ; his heat, indeed, overcomes a very much greater 
'active energy. But Jupiter and Saturn must be very much 
T than the earth. 
The third argument is baaed on the telescopic evidence of 
liL- existence of a very deep cloud-laden atmosphere surround- 
i:ig each of the planets Jupiter imd SatiuTi. 
Jt is first to be noticetl, as respects this argument, that the 



general aspect of the belts of Jupiter (Saturn is too far off fim 
similar appearauL-es to be noted) indicates the presence ofl 
rounded masses of cloud floating in a deep atmospbere. ThesM 
rounded masses can only be seen as such on the middle paHS] 
of the disc, but there tbelr appearance shows unmistakablyl 
that they are really rouud, — that is, not merely round in apJ 
pearance, as a circle is round, hut round as a globe is round. Ntn 
one who has studied Jupiter with a powerful telescope can for si 
moment doubt that some at least among the cloud-masses which ' 
are se>jn in his disc are roughly globular in shape. It is suffi- 
cient if only one of these masses has really had such a shape, 
for though any niunher of flat objects may float in a sea wliich 
*o far as they were concerned might he shallow, yet if it is 
known that a single object has floated in it which was not flat, 
but on the contrary bad great length, and breadth, and thick- 
ness, we know tliat the sea must be a deep one. Some among 
the rounded clouds of Jupiter, which not only by their shape^ 
but by their shading, indicate a globular figure, would, if aota- 
ally globular, require an atmosphere five or six thousand milec 
deep at the very least. The atmosphere may not be so deep ae 
that, or may be very much deeper. Certainly it would at onoa 
remove the difficidty last considered if we could suppose the 
cloud- bearing atmosphere of Jupiter to be thirteen or fourteen 
thousand miles in depth, for then the solid globe within would 
not differ very much in mean density from the globe of 
-earth. But supposing we assume, as the result of the acti 
telescopic aspect of the cloud-belts, the depth of the atmosphere 
be but about 2000 miles, wbicb would be less than the apparent 
minute diameter of one of tlie satellites, we should even t' 
find that under the tremendous pressure exerted by Jupit 
attraction the lower strata of such an atmosphere, if comp 
of any gases known to us, and at the temperature of our 
Air even in the torrid zones, wuidd be simply compressed 
the solid or liquid form. At least they could not continue 
, obey the laws which perfect gases obey under pressure. Assi 
ing the pressure at the visible limit of the cloud envelope to 
less than one-thousandth part of the pressure of our air at 
aea-level, then fifteenmileshelow that limit the pressure would 
«qual to that of air at our sea-level, fifteen miles lower 
thousand times as great, fifteen miles lower one milli< ._ 
■times as great, anti fifteen miles lower yet, or stUl unly 
sixty miles below the visible limits of the cloud envelope « 
Jupiter, the pressme wuidd be one thousand million 
as great as at o\ii sea-level. The density, if only the 
composing that atmosphere could remain as perfect gasea, wouU 
be more tlian a million times greater than the density of wiit 
jind thirty or forty thousand times greater tlian the deosi^ 
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tlie heaviest known elements. Of course there ifl no such 
pressure, no substance exists at that density, sixty miles below 
the visible limits of Jupiter's atmosphere, nor ten thousand 
uiUed lower yet. No gas could remain as yuch at ordinary tem- 
peratorea beneath a preasure which would make it as dense even 
as water ; and if strata could and did exist in Jupiter at tlie- 
higher pressures and densities named, be would weifjb many 
tboosand times as much as he actually does. But we are again 
finoed to the belief that, unless his atmosphere is made of sub- 
■tances altogether different from any witli which we are 
acquainted, there must be some power at work to prevent the 
(xonpression which would otherwise inevitaVJy result from the 
tremendous attractive energy of Jupiter's mass. That power 
can be no other than the fierce heat with which his whole fi^jne, 
Ilia atmosphere (and all but the exterior strata outside the 
outermost cloud-layers) arc instinct. 

It appears to me that a fourtli argument of very great force 
can be derived from the cloud-belts in the atmospliere of Jupiter 
and his brother giant, Saturn. 

The existence of well-defined belts is proof positive of the 
existence of different rates of rotational motion. For instance, 
we cannot explain our own trade-wind zones, without taking 
into account the different velocities due to rotation near the 
equator and in liigli latitudes, — matter flowing towards the 
equator lugs l>ehind, matter flowing from it travels in advance, 
mid in either case zones are formed. If a similar explanation! 
i 1 >uld be given of the belts of Saturn and Jupiter doubtless they 
^'•uld be accounted for. But where are we to find the varieties 
■ r heat in various latitudes of either planet which could account 
■i^r the multitudinous Ijclts sometimes seen ? or how, if the sun's 
'low action on tliese remote and large planets were in question, 
could we accoimt for the rapid formation and dissipation of 
clotid-belt« ? The largeness of these planets is a point of im- 
portance to the argument, because the larger a planet the less, 
eaiUris panlms, is the variation of temperature for any given 
diSN^nee of latitude measured as a distance in miles. If then 
we cannot look for the required differences of rotational velocity 
where we find them in our eartli's case, it is clear we must turn 
to difference of rotational velocity on account of difference of 
distance from the axis, not at places in different latitudes, but 
is places at diflfereut levels. In other words, we must conceive 
liW under the action of the planet's intense heat vaporous 
ilirturbances of the nature of uprush and downrush are con- 
I Initally talcing place. Matter nisliing upwards from low levels 
!■! high levels, where the rate of rotation is \ery much greater, 
lagu behind, while matter rushing downwards is carried in.__ 
B, and thus cloud zones are formed. 



A fifth argument is derived &om certain cmmderationi ' 
depenflinp on the bebavinur of sun-roiiwd cloud-iuassea in ourj 
own air, both with regard to the progress of the day, and witS, 
regard to tlie progrosB of the year. We know that speaking' 
generally the clouds change as the day progresses, and tl ' 
this is specially the case in those regions of the earth wh( 
regular zones exist. The sun, in tropical n^oos, rises in 
clear sky and quickly gathers clouds together ; th«se reina 
till the afternoon, when they become dissipated (usually wil 
violent disturbance, electrical and otherwise), and the aim sets 
in a clear sky. As seen from Venus or Mercury the cloud-beK 
would extend across the middle of the earth's disc, but woold 
not reach to the edge, either on the west or sun-rising side, 
on the cast or sun-setting side. Nothing of the kind is obsei^ 
vablc in the cloud-belts of Jupiter. Not only do they extend 
right across (though becoming fainter near the edges because 
seen through deeper atmosphere), but cloud masses have been 
known to remain, quite recognizable in contour, during man; 
.Toviau days, and even for forty or fifty of our own much lo^ei 
days. So also with regard to the year. In Jupiter's case, 
indeed, the eCTect of annual changes in the arrangemeDt ol 
clouds would not be recognizable, simply becausu the planet'i 
equator is nearly coincident with the plane of Jupiter's orbit. 
But in Satiun's case the inclination of the eqtiator is coosiden 
able ; so that, as seen from tlie sun, the equator passes &t 
tlie north and far to the south of the centre of the diac^ 
during the summer of the northern and southern hemisph^es, 
respectively. We should expect to find the.«e changes accom- 
panied by corresponding changes in the position of the central 
zone of clouds. Oiu- terrestrial tropical cloud-zone, being trail- 
raised, follows the sun, passing north of the equator during our 
northern summer, imtil at midsummer it reaches the tropto 
('ancer, and passing south of the equator during the southe 
summer, until at midsummer (Deeemlter) it reaches the tropio 
of Capricorn. But instead of the mid-zone of Sutam bebavJD^ 
in this way, it remains always equatorial. 

Another (the sixth) argument, and in my opinion an argu- 
ment altogether in-esistible, is derived from the clianges which 
have taken pLice from time to time in the outline of the 
phinets Jupiter and Saturn, i/nfosa observations made by most 
hIcJUuI astronomers, and with instruments of considerable power, 
are to be rejected as unworthy of trust. I refer in particular, 
first to the observations by Admiral Smyth, Sir II. Maclear, 
and Professor Peacock, of flie reappearance of the second 
satellite of Jupiter a few minutes after it hod apparently made 
its complete entry upon the planet's disc at the beginning of a 
transit; and secondly, to the fact that Sir W. and Sir J. Her- 
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schel. Sir G. Airy, the Bonda and Coolidge in America, and 
several of the Greenwich olisei'vers, have recognized the occa- 
sional assumption hy Satiu^n of what is commonly called his 
" square nhouldered " aspect. These observatione are far too 
well-anthenticated, and were made by observers far too akilftd, 
to be open to doubt or cavil. They cannot possibly be explained 
except by assuming that the outlines of Jupiter and Saturn are 
variable to such an extent that the variations appreciably affect 
the figure of the planets. Such variations, involving differenees 
of level of two or three thousand miles, are utterly incredible, 
and in point of fact impossible, in the case of planets like our 
eftjtb. The heat generated by such changes would of itself 
suffice to melt and in large degree to vaporize the crust for 
many thousands of square miles around the scene of upheaval 
or depression, so that we should thus have, hut in another way, 
the heat which my theory indicates. On the other hand, such 
changes of outline in a planet whose apparent outline is not 
fermed by its real surface, but by cloud layers thousands of 
miles above the real surface, are very easily explained. Nay, 
they are to be expected (though only as rare phenomena). 
We know that cloud-belts sometimes form, or are dissipated, 
rapidly on the fiice of the disc. Efjually, therefore, they must 
- iiietimcs form or become dissipated rapidly at parts of the 
! met BO placed as to form the apparent outline. There would 
.'■II be a rapid change of outline, such as must have occurred in 
ii.j case of the apparent reappearance of Jupiter's second satellite. 
Slower changes in the cloud-belts would correspond to the 
dianges of shape observed in Saturn's case, and would explain 
Schroter's observation that at times the outline of Jupiter has 
teemed to him irregidar, as if the planet's surface were partially 
flattened. Other observations tending in the same direction, as 
peculiarities in the shape of the shadows of Jupiter's satellitefi 
'■:i the planet, in the shape of Saturn's shadows on his rings, 
i so on, are of less weight perhaps than those already con- 
!i.tm1, but unless those who recorded them (including some of 
I'- most skilful observers known) were entirely deceived, such 
; -ervations can only be fidly explained by the great depth of the 
ud-Iaden atmosphere which surrounds the giant planets. 
Lastly, there is the argument derivable from the peculiar 
irightness of the planets Jupiter and Saturn. These planets 
mi^t be so hot as to glow with an intense light and heat, yet 
no part of their light might he discernihle, the deep cloud- 
layers simply cutting it off liefore it reached the outermost or 
vifible eloud surface. Or this might happen with all the raya 
except those which travelled the shortest way through the 
4dwid-layers. In the former case we should perceive some of 
~" H inherent light of these planets, in the latter we should only 



perceive their inherent light in tiie central parts of the disc, which 
■would therefore look brighter than the parti near the edge- Tbia 
last ia the phenomenon actually observed, but it does not of itself 
suffice to prove (thougli rendering it highly probable) that th« 
light from the middle portion of the disc is ■tit part inhn^ent. 
Nevertheless the planet's surface might, as I liave ab-eady said, 
be intensely hot, and yet no trace of the inherent light be per- 
ceptible by us. That, however, could only happen because of 
the existence of very deep cloud-layers entirely shrouding the 
glowing planet, and in this case, as the clouds would probably 
— like our own clotids^ — have a much higher reflective capacity 
than rock surfaces have, we should expect to find the planets 
Jupiter and Saturn shining much more brightly, though only by 
reflected light, than they would if their surface resembled 
that of our own earth, or Mars, or Jupiter. Now the following 
table from Zollner's " Grundziige einer allgemeinen Photometrit: 
des Himmels," gives very interesting evidence on this point : — 

Suow jiwt fallen reflects sbout 783 p«rU of 1000 of incident iight ; 
Wliite paper „ „ 700 „ „ „ „ 

Jupiter's surface „ „ 034 „ „ „ „ 

Sfttum's surface ,, „ 408 „ „ „ „ 

Uraniu's flur&ce ,, „ 040 „ „ „ „ 

Neptune's surface „ „ 405 „ „ „ „ 



TMiite sandstone reflects oa\y about 237 pnrta of lOOD of iacident light ; 
Clnj-iunri „ „ 15U „ „ „ 

Mars's Burfaco „ „ 967 „ „ „ 

The Moon's aurfuca „ 174 „ „ „ 

We may take Jupiter and Saturn together, and Mars and 
the moon ; getting average reflective power of giant planebt 
: that of small planets : : 561 : 220 ; or the giant planets, if 
they owe their light entirely to reflection, have a reflective 
power more than 2^ times greater than that of the small bodiea, 
Mars and the moon. As the sea regions of Mara are observably 
darker than his land regions, it is probable that our earth, if her 
light could be estimated in the same way (by an observer on 
Mercury or Venns) would be found to have a smaller average 
reflective power than Mars, her seas being so much larger. 

We are forced by this argument to one of two conclusions — 
either Jupiter and Saturn shine in part by inherent light, or 
they are so thoroughly cloud-wrapped as to have a very ht^ 
reflective power. Either conclusion would agree equally wml 
with the theory I have advo-atcd, though, of course, the former 
would be much more effective, and would in fact be qaita de- 
cisive in its favour. 
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For my own part, I think that the photometric evidence 
renders it very proleble that a sliglit portion of the light of the 
planets Jupiter and Saturn is inherent ; and I think the colour 
of the e<iiiatorial belt of Jupiter and its changes of colour cor- 
respond with this view. I should be disposed to assign, ae the 
reflective power of Jupiter (his albedo, as Zollner calls it) about 
50O, or more than twice the reflective power of white sandstone, 
and tJms to attribute about one-fifth of Jupiter's light to the 
planet's inherent lustre, fin Saturn's case ZoUner's observa- 
tions are much loss satisfactory — his measures indeed of the 
pbuiet's total light were probably even more satisfactory than 
in Jupiter's case, but it is exceedingly diiBcult to take properly 
into account the effect of the ring-system, which, though very 
much foreshortened when Ziillner made bia observations, must 
Devertlieless have appreciably affected his results.) All the 
known facts accord well with this view. 

(^rtainly the spectroscopic evidence recently obtaine«l by 

Vogel, or rather the general spectroscopic evidence {for Ida 

rf-ultd are uot new) is not opposed, as he seems to imagine, to 

tlte theory that the actual surface of Jupiter is intensely hot. 

His argument is that, because dark lines are seen in the spec- 

tniio of Jupiter, which are known to belong to the absorption 

-pt-ctrum of aqueous vapour, the planet's surface cannot be 

iiit*-nsely hot. But Jupiter's absorption spectrum belongs to 

iTiTS of his atmosphere lying far above his surface. We can 

■„n more infer — nay, we can far less infer — the actual tempera- 

iiire of Jupiter's surface from the temperature of the layers 

I which produce his absorption spectrum, than a being who ap- 

I proached our earth from without observing the low tempera- 

r inie of the air ten or twelve miles above the sea-level could infer 

ih^-nce the temperature of the earth's surface. There may be, 

in my opinion there almost certainly are, layers of cloud several 

tfuugand miles deep between the surfHce we see and the real 

surface of the planet. I do not suppose that the inherent light 

iffeired to above as probably received from Jupiter, is light 

Muing directly/ from his glowing surface, but the glow of cloud 

s high above bis surface, and illuminated by it,— perhaps 

" e glow of cloud-layers lit up by lower cloud-layers which 

Ivea even may not receive the direct light emitted by his 

'.ce. 

1 up, it appears to me, that a theory to which we are 

' many effective and some apparently irresistible argu- 

t, and against which no known facts appear to afford any 

ment of force, should replace the ordinary theory, originated 

Fi haphazard way, and in whose favour no single argument 

■ weight has ever been adduced. Since it appears, — (l)that 

ied theory of the development of our system is 
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tnie, the large planets must of necessity be far younger, that is 
hotter, than oUr earth and other small planets; (2) that if 
made of similar materials, those planets must of necessity be 
far denser than they actually are, imless they are very much 
hotter than the earth; (3) that the atmospheres (judging of 
their depth from the planet's appearance) would be compressed 
into solid and very dense matter under the planet's attraction 
unless exceedingly hot throughout their lower layers ; (4) that 
the belts and their changes imply the uprush and down rush of 
heated masses of vapour through enormous depths of atmo- 
sphere ; (5) that the cloud-belts neither change with the progress 
of the day nor of the year in the large planets, but in a manner 
in no way referrible to the sun, and are therefore presumably 
raised by the intense heat of the planet's own substance ; (6) 
that so remarkable are the changes taking place in the atmo- 
spheres of Jupiter and Saturn, as appreciably (even at our 
enormous distance) to affect the figure of those planets ; and 
(7) that the planets shine with more than 2^ times the bright- 
ness they would have if their visible surface were formed of 
even so lustrous a substance as whit« sandstone — I think the 
conclusion is to all intents and purposes demonstrated that the 
planets Jupiter and Saturn really are in a state of intense heat 
If they ever are to be the abode of life, they will probably not be 
ready to subserve that piurpose for hundreds of millions of years. 







VS most of our readers arc proliably aware. t!ie mode of 
development genera! among the Eohinoderinata is not 
iirert, but complicated by the intervention of what has been 
lied a " pBeuderabryonic stage" — ^a minute organism swim^ 
by the aid of cilia, quite distinct in appearance from its 
it^, and producing the adult form by a process analogous 
.mation. The more striking forms of pseiidembryoa, 
originally discovered, were regarded generally as inde- 
ident organisms, and their peculiarities of structure led to 
iif-ir being taken as the types of several genera of ani- 
i:i:ilculea, to which the names of Pluteue, Bipinnaria, Auri- 
"('tria, &c,. were given. In some cases, indeed, the young 
iOiiaals could hardly be said to be true pseudembryos in the 
urijper sense of the term, as their structiu-e was merely compli- 
sted by certain prorisional organs which were cast off when 
'*if perfect form was attained ; and in some cases the develop- 
nmit was found to be absohitely direct, even in species nearly 
■illied to others which had well-marked pseudembryos, just as 
'*<•- find among the Cnistacea that the mode of development of 
ifarly related species sometimes differs in the earlier stages. 

During the voyage of the Challenger, just completed, great 
utiuibers of interesting Echinodermata were procured, and 
*'nong those obtained in the Southern Ocean there were many 
"bich not only presented an exception to the ordinary mode of 
'Iwtlopment in their nearest alOes, in the fact of the young 
*Ounals being produced directly, and apparently without the 
Islervention of a pseudembryo, or the formation of any pro- 
'iRimal organs, but also exhibited certain curious aiTangements 
<* nu-ioua parts, adapting these to finnish protection to the 
r'niig during their helpless early stages. In some instances, 
^Wwd, tbe analogy of the arrangements with those prevailing 
b tlie [Kiuched mammals of Australia is so strong as to justify 
t* application of the term " marsupial " to these Echinoderms. 
■fir C. Wyville Thomson has just described in the " Proceedings 
"^^ ' ■ ,ean Society " eight examples of these protective 
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associaiiona between the mother and the young in the Southe 
Ec-binoderme, and as the subject is one of considerable inters 
and import-ance we have thought that a eummary of hie tern] 
might not be wholly unacceptable to our readers. 
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1 the order of Sea SIiig:8, or Holotliuroidea, Sir C. Wy\ilie 
fomson notices two species in which the development appears 
to be direct ; but the arrangements for the shelter of the young 
are very different in them. One of them, which is identilied 
with the Cladodactyla croceit of Lesson, baa a ciiriouH nursery 
for its offspring, and not an incubatory pouch. It is a small 
and elegant species, attaining a length of about 4 inches, and a 
diameter of 1^ inch ; its colour is a bright euffron yellow, and 
it was found abundantly adhering to the fronds of the gigantic 
sea-weeds (Macrocyatia) floating in water from five to ten 
fethoms deep in Stanley Harbour, East. Falkland Island, The 
oral t^rntacles, t^n in number, arp long and delicately branched ; 
and the skin is tbin and semit ran sparent, allowing the muscular 
bands and other internal parts to l>e plainly seen. Five amhu- 
lacral rows of numerous and well-developed tentacular feet 
traverse tlie body from end to end. but not at equal distances 
apart ; three of them are approximated on one surffce of the 
animal and two on the other, the space between the two groups 
no each side being considerably wider than that between any 
iwo ambulacra of the same group. The tentacular feet in the 
tKree approximated rows are larger than the others, and con- 
til itute, at all events in the female, the regular means of 
tiLumotion ; in this sex the two other (dorsal) rows subserve a 
'■'tally different piupose, forming, as it were, the fences of the 
tiiireery in which the animal carries about its young. These 
'■■inacltss are short, and although they are provided with sucking 
M^os, the calcareous fnimewurk of tbeluttcris in a rudimentaiy 
■iidition. 

It ifl along these two dorsal rows of tentacles, and indeed 
. aiilieriBg to.tbem, that the youn^r animals are carried about by 
I tteir mnthers until they have arrived at a condition to shift 
L iir theinfHiIves, which must 1>e comparatively late in lite. 
■A C. Wyville Tliomson observed them still occupying this 
^Button of dependence when they were nearly half as long as 
^^■ir parents, and he describes the appearance of the mothers 
^HMth older families " as peculiarly grotesque — " their bodies 
^H^Srely bidden hv the couple of rows, of a dozen or so each, of 
^^■Dow vesicles, like ripe yellow plums, ranged along their 
^^■tlcA, each surmounted by its expanded crown of oral tentacles." 
^^■b young animals are nearly perfect miniatures of their 
^^Knti, except that, as might be expected, the tentacles of the 
^^p dorsal rows are quite rudimentary, or barely indicated ; 
^^V tentacular feet of the other three ambulacra, on the 
^^BKnry, are very early developed, and it is by their means 
^^W the atlhesion to the dorsal tentacles of the mother is 
^^Bcteil. The placing of the young animals was not observed, 
^^Btit seems probable that *' the eggs are impregnated eitlier in 



the ovarial tube or immediatt-Iy after their extniflion, tbat the 
first developmental fitagepiire run through rapidly, and that the 
yoimg are paesed back from the ovarial opening, which is at 
the fide of Ihe moiitli, along the dorsal ambulacra, and arranged 
in their places by the automatic action of the ambulacra! ten- 
tacles themselves." 

A still more curious and interesting example of this direct 
mode of reproduction, coupled with the presence of a complete 
incubatory cavity, is furnished by a small Holotbiiroid whicli 
was dredged in February in seventy-five fathoms of water at 
the entrance of Corinthian Harbour (otherwise called Whiskey 
Bay) in Heard Island, to which Sir C. Wyville ITiomson givea 
the unenviable distinction of being, so far as be knows, " the 
m<st desolate spot on Gwl's Earth." It Wlonjjsto the curious 
geniiB Peolvs, of which we have one or two British species, and 
whicli 18 characterized by having the rather short body encased 
in calcareous scales and plates, with the exception of a soft disc 
occupying a great part of its lower surface, and bearing tlirea 
rows of ambulacral tentacles, on which the aniuml crawls, very 
much after the fashion of a Gasteropod mollusc. The mouth, 
with its surrounding ten tentacles, and the vent, open ou the 
upper surface, or at least quite separate from the ambulatory 
disc. 

The Bpecies upon which Professor Wyville Thomson's obser- 
vations were made, roeasiues rather more than an inch and ii 
half in length, and is considered by him to be nearly allied t« 
the northern Paolus upercxdatUH, of which he thinks it may 
possibly tiUTi out to be only a variety. The oral aperture it) 
furnished with a small low pyramid, formed of five cloeifJy fitting 
calcareous plates, wliich close it accurately when the mouth with; 
its surrounding tentacles is withdrawn within the test {Bg. 2) 
the anal aperture is closed by a similar but less regular vbTvoI 
apparatus {fins, 2 and 3). 

In the female tlie middle of the back is occupied by a sort of 
saddle (tig. 2.) composed of lai'ge finely granulated calcareous 
plates of rather irregular form, but fitting together with tolerable 
accuracy, and from this character the animal hasliwn provision- 
ally named Psolua epkippifer. It is here also that we find the 
peculiarity which renders this species particularly interesting ia 
connexion with the subject at present before ua. '* On rejnovin^ 
one or two of the central plates," says Sir C. Wyville Thomson* 
" we find that they are not, like the other plate.-* of the perisomV 
imbedded pailially or almost completely in the skin, but thaDj 
they are raised up on a central column like a inushro<nn or d 
card-table, expanding alwve to the form of the exposed jiortiini 
of the plate, contracting to a stem or neck, and tlieu expiviidin^ 
again into an irri.^ular foul, which is imbedded in the fotl 
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lue of the perieom ; the eonsetiuence of this arrangement is 
■at when the plates are fitted together edge to edge, cloister- 
like spaces are left between their supporting columns. In thei^e 
Mpocea the eggs are hatched, and the eggs or the young in their 
early stages are exposed by removing the plates (fig. 3).'' Tlus 
tlierefore is a true special marsupium or incubatory cavity, and 
as it occupies the greater part of the dorsal Eurfaee and its 
pasaagesadvanceclose totheetlgeof the mouth where the ovarial 
rif"?rture is situated, the egga pass at once into the protective 
i. cities, without any exposure to external dangers. As the 
■ "iiug animab increase in size, the sui-faee of the maraupiiim 




I ftJm tyhippi/cr, Wyr. TliomaoD. About llire* tlaiBB the imtiiinl fliu. 

imes more and more convex, and the plates enclosing it, 
^h atfirstiitted accurately together, separate more and more 
b each other, until at length they are wide enough apart to 
init the escape of the young animals. All the young in the 
le maraupium appear to be nearly of an age. In the male 
pnoddle of the back is occupied by a saddle like that of the 
B, but the plates composing it are not supported upon stalks, 
H cooaequently no brood-chamber is produced. 

MBg the fleliinoidea Desmosticha, or Sea Urcldns with 



ambulacra running From the mouth to tlie vent, which are placed 
centrally at the two poles of the test.. Professor Wyville Tbum- 
Boa only cit€s two iip«^ies, and as the^e belong to the &miiy 
Cidaridfe. in which the development, so fer ag is known, always 
takes place without the intervention of any so-called " pluteus- 
stage," the chief interest attaching tu thc^ forms consists in the i 
nursing habits of the mother. No example of this kind had ■ 
previously been observed. I 

One of the two species in question, a true C't'lariB, nearly I 
allied to the common C. papUlata of northern seas, was dredged '. 
about the middle of January at depths of from 50 to 70 fathoms 
in Balfour Bay, a recess near the head of Royal Sound, in J 
Kerguelen'a Land. The e^3 of this Urchin, after escaping I 
from the apertures in the genital plates at the summit of the 1 
test are passed down along the surface of the test towards the J 
mouth, where they are received in a kind of open tent formed by J 
the bending inwards over the mouth of the smaller, slightly fl 
spathulate primary spines which are articulated to about thefl 
first three rows of tubercles surrounding the peristome. Here I 
the ^gs are retained, and the young, which are directly developed 1 
from them, are kept under shelter until they hav^ attained a 1 
diameter of about -jV inch, when they are entirely covered with j 
calcareous plates, and furnished with spines exceeding in length j 
the diameter of the test. It is true that even before this size is I 
reached some of them are seized with a spirit of wandering, and J 
may be seen " straying away beyond the limits of tiie 'nursery,' J 
and creeping with the aid at their tirst five pairs of teotaculitrfl 
feet, out upon the long spines of their mother," but a ahortfl 
excursion seems to satisfy them, and the little tnumte sooisfl 
return to the protection of their tent. P'rom its minting faabitsi 
Sir Wyville Thomson names this species provisionally Cidari» 1 
n utrix. j 

The other niu-sin^ Cidarid here described U a species of tlx* J 
genus GumocidarU, which differs from Cklarie properly w^ i 
called chiefly by the presence of a zigzag impressed line running J 
down the middle of each ambulacra! and interambulacml aroi. J 
The genus includes hut few species, mostly coutiucd to tb«n 
cooler parts of the Southern Ocean, and the one now under co&fl 
gideration, identified by Sir Wyville Thomson with the (fonui»fl 
cidaria caiialicniata of A. Agassiz, was dredged in January uBfl 
Cape Pembroke, East Falkland Island, in about 10 fathuma ofl 
water. The arrangement for the protection of the eggs ancS 
young in this animal is on the same principle as in the Oidari^t 
just noticed, but with thin difference that the nursery ia placooH 
at the opposite pole of the test. The summit of the t«sfl 
exhibits a flat space, including not only (he apical plates^ boia 
ieaai the fii'st pair of plates belonging to each interambu'l 



lacnim, and the primary tubercles of thp latter bear two Bets of 
spines of muoli larger size than are usually met with in mcb a 
jKiaitioD on the teat of allied species, those of the outer circle 
being, however, considerably larger than those of the inner. 
These specially developed spines are cylindrical and nearly 
t^mooth, those of the rest of the surface being distinctly ribbed, 
and, during the breeding season at any rate, they are inclined 
towards the central point of the apex so as to form again a sort 
of open tent, into which the eggs pass directly from the minute 
ovarial apertures in the genital plates. 

In the ouly example of the other section of Echinoids the 
Petalosticha, or forms with petaloid ambulacral areas, which is 
cited by Professor Thomson, the principle on which the retentlot^ 
and protection of the eggs and young are effected is tlie sam 
a? in the preceding species, but the specialisation of the'^ 
apparatus is very much greater. The specimens were dredged 
in January from depths of from 20 to 50 fathoms in Accessible 
Bay, Kergnelen's Land, and the species is referred to Hemiaster 
of Desor, nearly related to the genus Brlssapsis, which includes _ 
the well known Fiddle- L'rclun {B. lyrifera) of the northern 
British seas. 

Id this apei'ies, which Professor Wyville Thomson describ* 

!tt »xne length but does not name, the nurseries are four i 

number, and formed by a widening and depression of the paired 

innbulacra, which constitute foiu" deep, thin-walled, 

inking into the canity of the test. The ovarial apertures are* 

- usual placed opposite the interradial areas, but by the mode 

I nrrangement of the neighbouring spines a sort of covered 

!' i=sage leads from the opening into the marsupiura, and along 

iiH the eggs pass. The eggs, which are very large, are 

.1 nmged very regularly on the floor of the incubatory pouch, 

mi each egg is held in its place by two or three short spines 

'Uiich bend over it (tig, 4). The occurrence of numerous apeci- 

'iii'Tis of this Urchin, with egga and young in all stages, facili- 

!.it«i the investigation of tlie process of development, and proved 

^_ iltat this is effected directly. The eggs, when first placed in 

^B|6t pouches, are of a deep orange colour and enclosed within a 

^^HtTiteliine membrane which they entirely fill. As the Idasto- 

^^^pm is formed they become paler, increase in size probably by 

*1 "» imbibition of water, and soon exhibit a whitish spot with a 

■lightly raised border indicating an opening which is presumably 

'^^ permanent mouth. The surface then acijuires a translucent 

^Ifiairance, and becomes strongly tinged with dark purple and 

i^fMriigh pigment, when " almost immediately, and without any 

'ietinite intermediate steps, the outer wall is filled with calcified 

^^^ 'usiie, it becomes covered with fine spines and pedicellarise, a 

l^^uOw of tentacular feet come into action round the mouth. 



vent appears at the posterior extremity of the Inxly, and th« 
young assumes nearly the form of the adiilt." By this time the 
young animals having acquired a, considerable increase of aize, 
their nursery apparently becomes rather small for them and they 
liegin to jostle each other on the floor of the. breeding-pouch, 
and very soon to push each other out between the spjnea 
which fringe the pouch. At this period the test of the young 
Urchin is about -J^- inch long, but its intestine is found to be 
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already full of dark sand and to follow nearly tlic same coune 
that is characteristic of the adult. 

In the Ast«ridea, or true starfishes, an example ofthe marsupial 
development of the young has already been recorded liy Sare in the 
case of Pteraster militai'is, a northern species, in wiiich this 
process takes place in a brood-chamber tbrmeH very much in the 
wime fiishiou aa in the Pnolits already describeil, by tlie stalked 
pasilH. or calcareous plat«s of the dorsal surfiice. Profeoor 
Wy\ille Tliomfion describes a similar example in a epeei«8 of 
.\iihi!'^l-:r. iiiimed by liim provinionally/1. exaivatus, and alUol 



^Bttie northern A. Androiiifdiu tvlnch m? dredged in January 
^^k a depth of thirty &thoms off ('ape Msd^ar on tiie south* 
^Hk coast of Kergiielen'a Land. It i^ raiber a larg« Etar6^, 
^^■Uniog a diameter of four or fire inches friim tip U> tip of tj>e 
^^■u, and the whole dorsal surface is covei^ wilh a pavemeDt- 
^Hb mosaic of irregularly hexagonal plat**. These p^te«, bow- 
^^pTf are not directly imbedded in the skin, hut supported upou 
^Hner filender shafts, so that the whole space covered in hy ibem 
Vnms a great series of columned arcades. From the otarial 
I openings the e^s, when mature, escape into these arcades, anf| 
I they may be seen in great niuubeTS in the spaces between the 
I shafts of the f»xilli, when the arms are bent so as to :reparate 
I the hexagonal plates of the surface. The discharge of e^gs into 
J ihe brood-chamber appears to be continued for some considerable 
I fime, and thus eggs and young in ditferent stages of develop- 
I nient are to be found top?ther in the spaceti. In the young no 
f traces of the formation of a locomotive pseudembryo coiilii \f. 
detected, but it is pofifdble that, as in Pl/n-aster wil.ilarh, in 
which the process of development Is very similar, some pro- 
. i.-ional organs may exist at an early period. 

The young aniruals remain in the brood-chamber until 

I'-ast six ainbiilacral suckers are formed on each arm, but wl 

i ]i y have attained this degree of rnaturitv they make their 

n into the world by pushing through between the hexago 

ifface-platesof thepaxilH. The first part of the young anil 

1 iiat makes its appearance is always the oral surface, in genei 

the very centre of the Kidy with the mouth; the arms are gra- 

dnally disengaged afterwards. The young generally make their 

escape from the nursery between the plates near the re-entrring 

angles between the arms; there they remain for some time 

plastered, adhering to the surface of their parent in some mye- 

1^ terioiis manner by the centre of the dorsal surface. Sir Wyville 

mson waa unable to ascertain by what means this adhesion 

VeAected, but he says that the attachment is very slight, and 

pt the young animals are removed by the least touch. They 

lain adherent, however, until they have acquired about 

■nty tentacular feet in each arm, when they cast themselves 

1 the world to shift for themselves. It is curious that in the 

mg the madreporiform tubercle exists near the margin of the 

e between two of the arms, whilst in the adult it appears toi 

bare rank down beneath the stalked paxilli, and is complete? 

eonoetUed. 

Another nursing starfish belongs to the genus Hi/menasfer, 
•tahlished by Professor Thomson some years ago (''Depths of 
;i<- .Sea," p. 120) for a smalt starfish dredged off the north of 
-otland in 500 fathoms of water. The dredging operationsof 
ChalUnger h»\e shown that this genus js very widely dia- 
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Imndles of from four to sis diverging spinee about one-eighth 
i>f an inch in length, and these support and stretch a strong 
menibraiie quite free from the surface of the periaome, having 
au open space beneath it, like the canvas of a marquee. At 
the centre of the dorsal surface this membrane terminates at a 
burge aperture, about three-flftha of an inch in diameter, sur- 
rounded by a beautifiil valvular apparatus whieh may be best 
described in Sir Wyville Thomson's own words. He says, " These 
vaives do not essentially differ from the ordinary radiating 
supports of the marsupial tent ; a etout calcareous rod arises 
from the end of the double chain of ossicles which form the 
floor of the ambulacral groove. From the ouf«r aspect of this 
-upport three or four spines diverge in the ordinarv way imder 
ilie tent-cover ; but from its inner aspect six or eight slender 
opines rise in one plane with a special memhraoe stretched 
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between them. When the valves are raised and the pentagonal 
™»niber Itencath them open, these spines separate from one 
'■Wiier, and. like the ribs of a fan, spread out the membrane in 
Tf CTCBcentic form (fig. 5) ; and when the valves close, the spines 
^^limate and are drawn downwards, the five valves forming 
[ether a very regular, low, five-sided pyramid (fig. 6). 
king down into the chamber when the valves are raised, the 
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■fe Wgnt bo^ atMiK dae-tertk the a» «tf ibr mothtr, ud 
tk oCbm dnspdAaac m <ek ^ttil tbe ■awtift-g w«i« lea« Uu 
•nc-KitMnch of an iaeh aa«E tfae&c Tbe Ui^gvst of tbe 
jooBg itarfiih were ahsm^ wifpaiamA, aad cbeir aae deenued 
dm i a w M ifa, Aeir ibrtinf; poiac bang tbe genital eUrftc oo tbe 
lower auifaee of tbe mo^terk bodj'. Tbe esrfier itagea appear 
Ui be fK^aed Ihroi^^ in tbe i&t*sta>cbial pu1» of the hodf- 
€Kfilj, in vbkb, in maiiT BpecimaM) gnxiptt of e^ga and of 
jrooDg in eoctne of development icere (Miad. lite examioatioo 
of tbcM^ pruTMl tbat in thU epecies tbe drvelopotent of tbe 
yotiDK fnxn tbe «gg id per&etlj dirtct. — ou jmni^ional montb 
and w> pwitdembT^rMiie ;ip|>endage> &;« found, and ttw^ primaiT' 
ap^rtitf of tbe gastmla peniets as the mouib sum! rscretoty 
orifi««T i4 tin: mature totta. 

Allbxu^i, aa faaji already beeu stated, tlte piudiictioa of a 
Iliiti-uii or 'Jtlun- pMUdembryonic foini, ur of burae with pro- 
viai'Dud appvndageH to be afterwanU east off, as a Grst stage ut 
durelopmeut i« hy oo raeaoa uaivereal among th^ Echinoder- 
niata, it U at least so general as to render the Decurrence of 
tlicwT nuim^rtnui instances of probably direct development in 
Roiitliprri fornix of the iiiitvkiagdom extremely interesting. And 
It ociguirca a )i|iecial inlereat from its being oouple<] with the 
pi)NBF-iwir>n by the adiiU of special airangements (Iirond-cavitics 
uiiil tiUDK-rivN) for the protection of the youn)^. Of course, 
nUlioiitfh Ihu tcrtn " inaniupium " has been applied by Sura and 
ol JiM wrji'M III the brood-cavity in which the your^ Echinoderma 
■ iF< [< .>j< <i. !lii'iitialog7 with the true marsupial poicli of the lower 
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Mammalia is confiDed to the protection it affords to the young, 
which are, as Professor Wyville Thomson says, merely retained 
in a kind of commensal connexion with the parents until they 
are in a condition to shift for themselves; the young auimuls 
do not appear to be nourished directly from the parent. 

As to tJie reason for the prevalence of such a mode of repro- 
,ion among the Echinodermata of the southern seas, often 
Bpecies whose near allies in other seas show a totally different 
of phenomena, it is exceedingly difficult to form even a 
probable conjecture. The arrangements are evidently protec- 
tive, but against what? From the remarks made by Sir C. 
Wyville Tiiomson he would appear inclined to consider the phe- 
I'lniena to have their ruison iCetre in climatal causes, and yet 
'. ■■ nays that he is not "in a position to affirm that in these 

:i;b soutliem latitudes direct development is universal in the 
-jU-kingdom," and be adds, " I believe, indeed, that it is not 

■ ; for species of the genera Echinus, Sf.rongyloceiitrotua, and 
A uihlypneustes run far south, and a, marsupial arrangement 
litems improbable in any of these." Nevertheless, it is a re- 
markable fact that diuing the southern cruise of the ChaUenffer 
l*twe«;n the Cape of G^ood Hope and Australia only a single 
fijfin of Echinoderm "pseudembryo" was taken in the towing 
lift, and that was supposed to be the larva of a CItWodota from 

■ lie presence of calcareous wheel-like bodies in its skin. 
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AFTER the return of Sir Edward Belcher's eipeditioa in 
1854 the Government of this country appeared to bare 
given np all idea of further prosecuting Arctic discoveries 
Other nations, in the meantime, had aiicc^ssfuUy entered upon 
this 6eld of research. Swedes and Norwegians enlarged our 
knowledge of Spitzbergen and of the seas washing the coasts of 
Novaya Zemlya ; Americans pushed their way up Smith Sound 
as far as the shores of the Polar Sea; the Gennaas directed 
their principal efforts to the eastern coast of Greenland, whilst 
an Anstrian expedition attempted the north-west passage, and, 
failing in its object, discovered an Arctic archipelago to the ea^ 
of Spitzbergen. All these expeditions were the result of private 
enterprize, and the successes they achieved were calculated to 
rouse the emulation of England, which for many years had taktm 
the lead not only in Arctic exploration but also in mantiiM 
researches of every kind. Amongst those who most pcrsist^nUy 
advocated the renewal of Arctic research the late Sherard 
Osboni holds the foremost place. For ten years he agitated 
this question, until at length he succeeded in prevailing upon 
Government to fit out another expedition. During all thew 
years the selection of the most practicable route had formed a 
fertile source of discussion, but the advocates of that throu^ 
Smith Sound prevailed in the end, and the leader of the ex- 
pedition was instructed to take his vessels to an advanced position 
beyond that Sound, and then to explore the ncighbonring coaiita, 
and, above all, to make an effort to reach the North Pole. 

Smith Sound had already been the scene of important Arctic 
enterprizes. Bylot and Baffin, its discoverers, had reached Whale 
Sound in lat. 77° 30' N. Captain Ingle6old, in 1852 sailed up 
it to lat. 78° 28' N. and reported the existence of open water, 
which he thought might extend as far as Bering Strait and th* 
coasts of Siberia. But Dr. Kane, who hoped to profit by this- 
discovery, barely succeeded in reaching Rensselaer }farbourt 
where his \"es8eJ was frozen in, and whence he effecttni Ms retreat. 
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a boats, to the Danish settlenipnts in the south. Mr. Morton, 
liowever, one of his companions, had proceeded with a eledge as 
far as Cape Constitution, in lat. 80° 35', and he too reported 
the existence of open water, and thus incited to further research. 
The work was taken up by Dr. Hayes, but after a severe Ktniggle 
agaioEt the ice that explorer only reached Port Foulke at the 
entrance to Smith Somid (lat. 78° 17'), where he wintered. He 
then proceeded with a dog aledge over the Polar Pack, and 
travelling at a rate of only two miles a day, reached Cape 
Lieber in 81° 27' N., and again reported open water to the 
north. Far more successful than either of these expeditions 
was that conducted by Captain Hall, who, between August 23, 
and Sept. 3, 1871, sailed from kt. 73"' 20' N. to 82° 11' N., 
outeide Robeson Channel, without being seriously interfered with 
by ice, but was there stopped by the impenetrable Polar Pack. 
He wintered in Thank God Harbour, in lat. 81° 38' N. The 
?nbseqnent fate of this expedition is well known. Its leader lies 
buried in Arctic Boil; his vessel was beset by the ice, drifted 
helplessly down Smith Sound, and was finally lost ; a portion of 
its crew passed a second winter in Lifeboat C«ve, whilst the 
remainder drifted southward on a floe of ice until picked up by 
a pas.sdng whaler. 

Such were the antecedents of the Smith Sound route when a 
fresh effort to reach an open Polar Sea by means of it was 
ili'termiued upon. Hall's unique feat of taking his small 
steamer to a latitude never before attained in any part of the Arctic 
tf^ons in some measure justiiied the opinion that a steamer of 
greater power, even if leas favoured by the season, might repeat 
ad even surpass bis achievement. 

On a bright afternoon in May, 1 875, the AUrt and Discovery^ 
liie two vessels fitted out for this service, sailed out of Portsmouth 
Harbour, strengthened to battle with the ice, and liberally pro- 

■ isione<l for three years. Having taken on board forty-four 
(ireenlaud dogs, at Godhavn and Kitenbenk, they parted from 
:lipir tender, the Valorous, on July 17, and stood boldly across 
iiufBn Bay, passing through the dreaded 'Middle Pack' in the 

■ .nprecedentedly short space of thirty-four hours. On July 28, 
'hey were already at Port Foidke, witii the entrance of Smith 
Sound perfectly clear of ice and none floating past to the south- 
ward, though the wind, at the time, was blowing fresh from the 
north. Lifeboat Cove, the scene of the shipwreck of Hall's ill- 
lated Polaris was visited, and the two vessels then crossed to 
the western shore of Smith Sound. On July 29, when about 
half-way between capes Isabella and Sabine, the first ice was 
sighted, and thenceforth the advance to the north proved a 
constant struggle. Advantage was taken of every opening in 
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the ice; ramming and blasting were resorti^ to; and only by 
audacity, guided by discretion, was it possibler slowly to advance; 
The floes at first were only four feet in thickness, but beyond 
Cape Frazer old hummocky pieces, twenty fett and more in 
thickness, had to be encountered. At length, after twenty-five 
days of this ice navigation, a well-sheltered harbour at the 
entrance of Lady Franklin Sound was reached, and at < 
fixed upon as the winter-quarters of the Diaooveri/, This was 
on August 25. Two days afterwards the vessels parted company, 
and Captain Nares, carefully availing himself of every opport.unity 
that offered, worked his way through the pack. By noon <« 
September 1, he reached 82° 24' N., the highest latitude ev«t 
attained in a vessel, and finally found himself closed in for the 
winter, on an open coast, in lat. 82° 27', protected to the sm- 
ward by a powerfid barrier of gigantic floe-bergs, eighty feet in 
thickness, aground in twelve falhoms of water. 

The autumn sledge-travelling was begun on .September 9tb, 
and on the 2 7 th of that month Lieut. Aldrich reached 82° 48', the 
highest latitude hitherto attained, and ascending a mountain 
2,000 feet in height, was not able to discover land to thenurtJi. 
The sun disappeared on October 12th,only to reappear on March 
1st. The winter passed cheerfully, and on the approach of spnnff 
officers as well as men were apparently in the finest condition fiw 
undergoing the hardships of al edge-travelling. The 3rd of April 
was fixed upon for the departure of the AUrt'a travelling parties 
and on the morning of that day seven sledges with fifty-thrw 
officers and men started for the north. On reaching the vicinjty 
ofCapcJosephllenrythe sledges separated, some returning to tli 
ship, others proceeding to the north crwest. Captain Markban 
had command of the northern division, whose task it was to pro- 
ceed over the ice due north in the direction of the Pole. Capttio 
Nares certainly did not expect tliat this journey would prove • 
success, as far as reaching a high latitude was concerned, but 
an efifort had to be made. It was by no means certain that tBa 
ice, at some distance from the land, irould not be found to b6 
in motion, and hence it was necessary that tliis party should b* 

Srovided with Iwata, which had to be carried on the sledgea. 
aptain Markham, with his subordinate, Lieut. Parr, started on 
the 11th, and in spite of the ruggednoss of the ice whldi 
necessitated clearing the road with picks and i^hovtils, til* 
intense cold, and the visitation of scurvy, they and their men 
struggled on until May 12th, when they planted their flags in 
lat. 83° 20' 26", the Wgheet latitude ever atLiined l>y ttuaor 
any other expedition. The progress m.ide good ilaily only 
averaged 1 ^ mile, and never exceeded 2^ miles, and when tb» 
party again reached the land, on June 5, only tho two oEGcen 
and six men were able to drag the sledges. Il was then Lient. 
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started upon his memoruljle tliirty miles march through 
snow and returned with the succour so urgently iieed«i, 
alasl too late to save the life of one of these fearfully tried 
men. 

Meanwhile Lieutenants Aldrich and Giffard had gone west, 

Qjin} on Atay 17th the former of these officers having traced the 

HEut for 220 mileR, reached hii< furthest in lat. 82° 16' N., long. 

BBf^33' W. His return journey proved a severe struggle, and he 

Tsoclied the ship on June 26th, having been away eighty-four 

davs, during which he travelled fi20 miles. 

Upon Lieutenant Beaumont, Dr. Coppinger, and Lieutenant 
Rawfoo, of the Discovery, devolved the task of exploring the 
■ f>,ist of Greenland. Their struggles proved equally severe with 
\.'->ie of the other parties. On May 2lKt, Lieutenant Beaumont 
..iched liis furthest in lat. 82° 18' N., long. 50° 40' W., and 
nr land far in the north, under lat. 82° 54'. Two men of this 
,-teni division fell victims to scurvy and exhaustion, and its 
II mbera were only again united on hoard the "Discovery," on 
August 14th, baring crossed Hall Basin after the ice on both sides 
•jf it was already in motion. Lieutenant Archer, in the mean- 
while, had explored Lady Franklin Sound, wliieh lie fyund to 
terminate in a narrow fiord, extending for 50 miles towards the 
Eotttb-west. 

Captain Nares wisely determined to return home as soon as 
the breaking up of the ice should permit his doing so. There 
appeared to be no chance of taking the ships further north, and 
^ best he would merely be able to estend the exploration of 
tbe coagts for an inconsiderable distance, particularly as the 
bttltb of ofiBcers and men had suffered severelj. On July 20th, a 
dodded movement of the ice took place ; on the 23rd, a strong 
south-westerly wind drove the pack away from the shore, and on 
^e 31 st, having cleared a passage through the protecting barrier 
flf floe-bergs, they entered Robeson Channel. After narrowly 
ctcaping destniction from ice pressing upon the ship, she joined 
the IHacovery on August 11th. Taking advantage of every 
opening in the ice, the two ships worked their way slowly 
towards the south. Uape Frazer was passed on August 25th ; open 
water reached on September 10th, when off Cape Victoria, and it 
was then possible to make a clear run for Cape Sabine. Captain 
Narea thus sums up the chances of navigating Smith Sound : — 
" To the latitude of Polaris or Discovery Bay, if no accident 
happens to the ship, the passage may probably he made with 
pt^rspvcrance most years, by starting early in tlie season ; but it 
•il! lit all times be a most dangerous one." No vessel, he la 
ennfi'lent, will ever round Cape Joseph Henry, or pass beyond 
Cap"- IJrevoort in navigable water. 

The geographical results of this expedition, as far as they find 
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a place upon our maps, may not, perhaps, realise the expecta- 
tions of eoine of the more sanguine advocates of the StnitJi 
Sound route, but they are nevertheless of ^jreat importance. Not 
only have the officers of the expedition more carefully delineated 
some of the discoveries of their predecessors, but they have also 
laid down about 300 miles of coast which hitherto had not 
figured upon our maps. 

But of far greater importance is their determination of the 
nature of the Polar Ocean, such as it exists to the north of 
Smith Sound. The notion of a navigable sea in that porU>.m of 
the Polar basin has been exploded, and the impracticability of 
reaching the North Pole by travelling with sledges over the ice 




has most conclueively been demonstrated. The 6«i of nrhicb 
Robeson Channel is one of the most impoitaut outlets ia eri- 
dently of vast extent, and there can he no doubt of its commu- 
nicating through Bering Strait with the Pacific Ocean. Br. 
BeaselB, the scientific member of Hall's expedition, already as- 
certained that the Pacific tidal wave enters Robeson Cbumel 
from the north, and meets the Atlantic tide in the vicimty of 
Cape Fraaer- Sir G«)tg6 Nares confirms this fact. Moreover, 




the driftwood collected bj Hpffli lo Polaris Bay has been deter- 
mined to l>e of Aii^ruan tRd Pacific origin, and evidently 
reached the locality 'Wt'ei*'' it waa picked up by means of & 
.current passing tlirough Bering Strait, and along the eaiA«n) 
rWmngel Land. This applies more particularly to » 



piece of walnut, supposed to have been derived from Japan or 
the eastern const of Asia. The valuable collection of driftwood 
made by members of the late expedition, in all the bays to the 
north of Robeson Channel opening towards the west, has not yet 
been examined by a scientific man, but we do not doubt for a 
moment that it likewise will turti out to be traceable to the 
north coast of America and to the Pacific, and not to the coast 
of Siberia. Tlie current which carries driftwood will also carry 
ice-floes, and thus, ocean-currents, the set of the tides, and the 
predominating westerly and north-westerly winds, noticed by 
Hail as well as by Sip G. Nares, all combine in accimiulating vast 
masses of ice within the western half of the sea extending ffom 
Bering Strait to Robeson Channel, and now appropriately named 
the " Palipocrystic Sea," or sea of ancient ice. The ice met with 
to the north of Robeson Channel is evidently as formidable as that 
* known to exist on the western coast of Banks' Land and Prince 
Patrick Island. Captain Nares describes these ancient floes as 
being 80 feet in tlntikness and 1 to 4 miles in diameter. Few, 
even of the initiated, we are told, can distinguish these floes 
t'-iim icebergs, which they rival and sometimes exceed in size. 
'iVlierc they float into shallow water, they ground in 8 to 12 
rit homs, forming a fringe of detached masses of ice rising from 20 
to upwards of fiO feet above the sea-level, and aflTording protec- 
tion to a vessel between them and the land. But wliere the 
coast is steep, they extend close to the beach-line, and if the 
pressure is strong, as to the east of Roljeson Clianpel, near-Cape 
Stanton, these huge masses are piled up into chaotic confusion. 
Captain Markham, who travelled over ice of this description, 
when making his effort to attain a high latitude, tells us that 
he met only rarely with large floes, having smooth surfaces. As 
a rule the heavy floes were of moderate size, their surface being 
uneven and covered with ice-humps, 10 "o 20 feet in height, 
and their edges fringed by hummocks formed from fragments 
of the previous summer's pack-ice, frozen into a rugged chaotic 
m-oss of angular blocks, 40 to 50 feet in height. The snow 
which covered these floes was scored in ridges, running east and 
west, in accordance with the prevailing winds, or was heaped up 
^ng the foot of the hummocks in deep drifts. The floea were 
frequently separated by fissures, covered hy ice of one year's 
growth, their general level being about 6 feet above this. On 
advancing towards the north, the hummocks became larger, and 
the snow-drifts deeper, until, at the furthest point reached, a 
pfrfect labyrinth of sqiicezcd-up hummocks had to be faced. 

la tlie beginning or middle of July the whole pack of ice 
'■ilins to drive backwards and forwards according to the winds 
iiid currents, its main course being towards Robeson Channel, 
through which it escapes from the polar basin. As the season 
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advaucts the pack gradually breaks up into coutending massea, 
Rmall pools of water appearing occasionally. In September the 
frost seta in again, cementing the broken masses of ice, and by 
the end of October or beginning of November the puck, wliieh 
till then bad lieen drifting up and down the channel, li^ins to 
settle iteelf for the winter. No movement wbatever has been 
observed during that season, occasional cracks, caused by tidal 
currents, alone excepted. A certain qnantity of this ice cer- 
tainly escapes through Robeson Channel into Smith Sound and 
Baffin Bay, but compared with the vast extent of the PalKO- 
cryatic Sea this quantity is hut small, and the evacuation is more 
than compensated for by the constant western drift of the ice 
due to winds and currents. The sea to the north of Robeson 
Channel indeed appears to be hopelessly ice-hound, and the 
only chance of penetrating the Palaeocrystic Sea would appear 
to be offered by pushing northward along the unexplored ooast 
of Wrangel Land. 

Captain Sir G. Nai-es is of opinion that the Greenland coast 
does not extend much further north than 82' 55', and that a 
portion of the ice of hia PaheocrysUc Sea finds an outlet to the 
north of that island and drifts southward along its eastern coobL 
We would observe, however, that driftwood of Pacific or 
American origin might be expected to be drifted upon tha 
eastern coast of Greenland if such were the case. Tlie drifts 
wood collected by the German expedition contained Siberian 
species only, such as are found ou the iiorthem and 
eastern coasts of Spitzborgen, and this proves conclnsive^ 
that the cold Arctic current passing along that ooast carries 
away the ice formed in the Asiatic half of the Polar basin, and 
not that formed in the western, American lialf. Thus mu(^ 
appears to he certain that there are no glaciei's in Northeam 
Greenland, or to tlie north of it, for no icebergs were obs^ved 
by .Sir George Nares. This absence of glaciers is due to the 
email quantity of snow which falls in tliese high latitudes. Bad 
in their absence the musk ox, lemming, and other animab 
could easily have migrated from Grinnell Land by a northern 
road to Eastern Greenland, as suggested by Dr. Brown in 
able article published in the "Arctic Papers of the Boyal 
Geographical Society." even if that island should be found ' 
extend far beyond 83° N. Dr. Petermann has hazarded 
opinion Ihat the American and Asiatic halves of the Polar 
are separated by land or a chain of islands, extending 
Greenland to Wrangel Laud. The laft- Admiral Sherar 
Osbom likewise assumed the sea, now named tite Pal.'cocryatii 
to he land-locked, and this theory we believe to lie most t 
nccordance with the physical geography of the Arctii 
as far as it is known to us. 



The strictly scientific work of tbe expedition hns not been 
^glected, for, although the scientific slaff was but small, most 
f the officers bad been trained as scientific obsen-ers, and tbey 
'1 contributed to the utmost of tbcir power towards enriching 
e acientific collections. Dr. Coppinger devoted bis attention 
I geology; Captain Fcilden, Mr. Chichester Hart, and the 
BV. Mr. Pullen studied the natural history of the regions 
sited; Lieut. Aldricb and Dr. B. Nlnnie had charge of tbe 
»rological obsen-afcions ; Captain Markham and Lieuts. 
Oilfard, and Fulford made magnetic ob^enations ; 
ruts. Paxr, Conybeare, and 5Iay observed with the speotro- 

r: ; Lieut. Aldrich with the polariscope ; Dr. SIoss worked 
Uie microscopo ; Dr. Colan was engaged in ozone testing 
d otlier delicate researches; Lieuts. Beaumont and Rawson 
kle pendulum observations : and Lieuts. Parr and May had 
arge of tbe transit instrument. This enumeration of scientific 
work performed promises a rich harvest of results whenever the 
numerous observations of these officers shall have been properly 
worked out. As respects the geological features of the countries 
explored it was found tliat Silurian limestones, abounding in 
fosdis, are the moat characteristic formation along Smith Sound. 
Miocene beds, including a thick seam of coal, were foimd as far 
Doilh as 81° 44' N. Tlie greatest cold obsen'ed at the Alert's 
winter-i]uartor3 was — 73'7° F. ; the minimum temperature for 
twenty-four hours was — 70-31° F. ; and for thirteen consecutive 
jays Uie thermometer did not rise above — 58-9° F. These tem- 
Utares appear to be far more severe than those observed by 
*" " in Polaris Bay, where the minimum in January, 
^1, only amounted to ~5H° F. At Wolstenholme Sound, near 
I southern entrance of Smith Sound, in lat. 7fi° 30' N., a 
— I O'S" F. has been registered, whilst at Yakutsk 
i thermometer has actually been known to fall to — 76° F. 
Westerly and north-westerly winds predominated apparently 
throughout the year. In autumn there was a heavy fall of 
snow, but only about six to eight inches fell in the course of 
mnter, and the bill-tops were uncovered by tJie winds, and 
used so until May and the early part of June, when there 
ft another heavy fall. Auroras were observed frequently, but 
e of tlie flashes were brilliant, and no connexion between 
I magnetic or electric disturbances has l)een estat)1isbed. 
ml life was more abundant and vegetation more luxuriant 
[ winter- quarters of the Diacovery than in those of the 
. Musk-oxen, wolves, polar hares,.\rcticfoxea,and lemmings 
9 found to extend as far as the polar basin. A few ducks, 
I, and ptarmigans were shot, but the binls, we are told, do 
1 towards the north or north-west, and it is con- 
i this that the ice-bound sea is of cousidcrabI»J 
«e directions. 



*^ There can be do doubt that tbe results of the expedition, as 
far as we are able -to judge from preliminanf accounts, must 
prove highly satisfactory to the geographical world. It is more 
especially matter for congratuMion that the Bcientific work 
has not lieen neglected. A higher latitude might no doobt 
have been reached had a couat extending nortiward in tie 
direction of tbe Pole been discovered, but the attainment of a 
high latitude should at all times he subordinated to a thorough 
examination of the land and sea forming tlie object of eiplo- 
ntion. 

We do not believe for a moment that England will be con- 
tent to rest upon the laurels won through this expedition. The 
Smith Sound route has now been feirly tried, and has l)een 
found to lie impracticable as one of the gateways leading into 
the polar basin. There' are, however, several other rout«a 
offering chances of success, and not one of these has been 
attempted hitherto by powerful steamers, expressly built fi>r 
ice-navigatron, and manned by a thoroughly competent set of 
men. One of these routes leads through Bering Strait and 
along the eastern coast of Wrangel I.<and into the Palfoocrystic 
Sea. Then there is the route between Spitzbergen and Novaya 
Zemlya, The Tegetthoff was beset there by the ice and drifted 
about at the mercy of winds and currents until stranded upon 
the Jnhospita.hle shore of Franz Joseph Land, but Norwegian 
fishermen have frequently passed along it to the eastern ex- 
tremity of Novaya Zemlya, and Professor Nordenskiold, than 
whom none has more experience of these seae, proposes to give 
it a fair trial next year. A thrni route, due north from Spitfr 
bergen, enables a vessel to attain a latitude of 81° Stf or 6!? N. 
almost every year, and, once successful in crossing the i»- 
etream setting in the direction of Greenland, there opens a fair 
prospect of making important discoveries. And lastly, there in the 
route along the east coast of Greenland, whose most persist«it 
advocate is Br. Petermann. In a letter recently addressed by 
that geographer to the President of the Koyal Geographical 
Society he points out that the two German expeditions directed 
to that coast were not equipped as well as a government expe- 
dition would liave been, and that their comparative want of 
success need not therefore cause surprise. A well-proved. 
steamer might succeed where the schooner and the littte 
steamer of the Germans were forced to turn back, and Captain 
Gray, who is thoroughly acquainted with the Greenland sea* 
feelscerlain that, once across the ice-stream, open water and nn- 
diseovered Arctic islands might be reached. An expedition, such 
as that of Captain Nares, if it once succeeded in establishinj? 
Itself on the coast of Greenland, say in 80° N., might 
■ :.I 1 ' . fliouc-h Dr. Petermann is oversanguine wl 
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holds out a hope of "finishrng the North Pole in a season," 
or of ** steaming away to the Pole." 

Already we hear that in Sweden and the Netherlands they are 
preparing for an Arctic campaign. Dr. Petermann, too, is 
again active on behalf of a Crerman venture ; the Americans 
are anxious to " verify " the discoveries of Captain Nares. Is 
England, not to speak of other maritime countries, to look on, 
an idle spectator ? Might she not, through her example and 
influence, induce the nations of the world to act on a precon- 
certed plan' in carrying on these Arctic explorations ?, Five or 
six expeditions, attacking the North l^ole trom diflferent direc- 
tions, and in the same season, stand a better chance of success 
than the irregular expeditions which have been sent forth 
hitherto. Their results, too, would prove more useful, and the 
objects which Lieut. Weyprecht had in view when he proposed 
to establish physical observatories within the Arctic Circle could 
partly be attained by them. Will England prove her maritime 
superiority by faking the lead in this work of Arctic exploration ? 
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OSTRICUES.* 

YERY conaidernble interest nttacliM to tlitt Strathiaua order otKniB, both 
from a scienliSc fuid an economical point of view. Their remu^aUe- 
cliaritcteni, separatiag- them as a group distinct from and morpbological^ 
equivideat to all the other existing birds ; their curiuua relations to otiiw 
dnsscs of vertebrate anigiiils ; their singular geographical distributioD) and 
the relationii of the living to extinct forms ^ve them great iraportraoe 
in the eyes of the zoologist, whilst the beauty of the plmnee produced by 
at leaet one of the epeciee, oinnnt but render it interesting to die Ur 
ivi?arers of such ornaments. The Uomnn ladies, aa we Icam from tkU 
book, did not adorn tbemselvea with ostrich feathers, which were used, on 
the contmry, for the decoration of their helmets by a daas of n 
rally ituppoaed to need no tucb extraneous aiils for the cBptiyation of 
feniiJe hearts : hut in our days, and in civilized counbies, the ladies sn 
generally allowed to have a monopoly of ostrich plumes. That they do ibalr 
duly pretty thoroughly in the consumption ol these articles of luxury la 
auinciently clear from the tabular statements here given by M. de Mogentbal, 
from which it appears that the annual exportation of Or^tiich feathers fl 
Africa, at present amounts in value to about 003,000/., wliich probably 
represents a weight of 120,0001bii., eadi pound contniiiing ut leut UO 
feathers. 

It may easily be conceived that such a conaumption as this j^ves riM lO 
very considerable slaughter of the birds, and it has long been felt tbatif 
the demand for ostrich -feathers should continue to increase as it boa dow 
for some years, there will be great difficulty in obtaiuing nn adee[Uftte supply- 
As early as 1859 the Acclimatixation Society of Farts, taking thette facta into 
coostderalJon, otTered priiea for the successful domestication of the Afrioau 
ostrich in Algeria nod Scoegal, and 1j) consequence of the attvnlioii thns 
attracted to the matter, several successful attempts have hi?en made both il 
Africa and in Europe to bi'ing up aiid breed the ostrich in captirity. B»' 
even at a much earlier period it appears to hare been tJie custom Knumf 
cerldln native African tribes to keep tame ostriches in euclusures, in ordar to 
11 their feathers easily ; and at the Cupe a hundred years ago, acooldlltfl 

" Ostriches and Ostrich Fanni ng . " By Julos de MoseflLtbl^jU 
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Id SpaiTaonn, manj of the farmers " had a number of tnnie ostriches on 
thur f&nQB, which were allowed to feed at lurge, and which supplied their 
owners -with plumes, which were made into brooms and helped to drive 
awsv the uioHjuitoen." These eiirlj Attempts ut the donie»ticntioD of the 
ostrich were comporatirely insignificonL The nupplj of feathera wn« 
chiFll; ubtained from the wild birds, and, in consequence of their increasing 
ccwdlj in easily accessible localities, the price of the commoditj became 
Terr high. Towards the year 1870, however, the attention of South 
African farmers vm directed to the advanlages r>f keeping- ostriches as 
domMlic birds : and it is to the iacreasing ndoption of this practice that we 
roust ascribe the enormous incrense that has inlten place since 1870 in the 
quantity of fentheta exported from that part of the world. In 1865, it 
appenra there were only 80 tnuie birds in tho Cape Colony, whilst in 1875 
the census returns showed the existence of no fewer than 32^17. The 
fentliers obtmned from the tnme birds are stiSer and le»s Taluable than 
" wild feathers," but nevertheless thid new industry must be a moat pro- 
ductive one, if we may judge from tho experieoce of Mr. 'W. Kinnear, of 
Benufart West, who in 1870 bad twenty-niue ostriches on eight acres of 
gMd en-ground, fourteen being iu immature plumage. '' for three pluckings 
of fifteen of them, at intervals of eiplit months, he received the sum of 
SUU., which is at the rate of l!IOi. a year, or !^/. per bird." It must be re- 
marked that In 1870 the price of the feathers was unusually low, and that 
the ipace occupied by the^e twenty-niae birds was estimated to be suQicient 
fnr three times the nunibur. 

\Ve have devoted so much space to tUe commercial aide of the subject 
I'.irily because it moy interest aaiiy of our renders to know the extent and 
imjHjttance of the trade in ostrich feathers, but mainly because it is to the 
turinrily excited by the display of a larjie collection of feathers at the 
\'i"Uiia Exhibition of \871i that we are indebted for the admirable work on 
tlir Ostrich^ by MM. de Mosentbal and llarticg. The practical part of tha 
■iitJKt is treated by the former gentlemao, who describes the earlier at- 
i<Mupu at the dome«ticatioD of the ostrith, notices the endeftToura that hiive 
'•f'ti made to introduce ostrich-farming into other colonies, especially in Aus- 
ttiUi; gives fidl details as to the progress of the industry in Africa, where 
'' Weven adTanced so far as the adoption of incubators, and " artificial 
'■'"Ihsn" for hatching and rearing the young; and furnishes most inte- 
I tmiitf; particulars connected with the trade in oatrich feathers. As a con- 
M^ihuiati to economical zoology, Mr. dc Mosenthal's share of this book is 
^^^Mfattresting and valuable. 

^mwvlhink it was Hit Kichnrd Steels who, in speaking of Lis starting the 
^^E^FNlator,'' and calling in the assiatacco of his friend Addii^n, described 
■'■nnifaebuiugin the position of some small prince who had been aided 
'■; «!«(,' one, and found himself in the end of little consideration by the ude.l 
'" 'liixlly. AVe fancy that Mr. de Mosenthal might say something of tha ' 
^unoklad. Reading between the lines of the prefaco, it seems pretty clear 
'linl tLil gentleman, who, as Commissioner for the South African Colonies, 
LitlUted ibe coUeelioD of ostrich-feathers at Vienna, having determined on 
pi'ilahiD).* a abort account of the new industry, tliought it desirable to 
atise an account of the natural history of the oatr 
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pnlli-d in la bia uid tlje geninlpon of llr, J. K ITartinp, irtioM TMioi powers 
itud grent ciniithoIog3U liooivledge emiasntly fitted liiin fur tUe Uak ; And 
ihat Ibe few introdijmry notes on tbe naturnl history of tbe ostric]) luTe 
grown into a sort of ntonograph of nil tlit.' spedes of Struthiotis birds, occoi- 
Pfing' just til ree- fourth 9 of ibe book, whieh, as the authors tell lu, hna 
({rown by a " proceaB of evolutiou frora a pniu|i!iiet into ft roiume." Wo 
fnncy that few who are inlerested in tisturnl liiatory studies will he iu- 
cliaed to quarrel with tha authors tin this account. It is no smnll ndrantage 
to hnve r f^ood, readnble, and reliable natural history of so iiitHrestIng a 
group as the Stntthious birds, and this ia what Mr. Harting Iiu presented 
to us. He describes all the speciea of the group— the African Oatticb, the 
Siiutb American liheas, the Emus of Austrslia, end the Ciissowaries of 
Auilialia and the inlands of the Australian regiau ; and girea a short ac- 
count of the curious Kiwis (AptcryX) of New Zealand, wliicli are ahso re- 
ferred to the Itatits. The natural history of each spedes is giren so far 
IIS it is known; and in search of information on this subject, the wurlCB 
of n great number of saturalists and trafellers have been rsnsadied, with 
the most interesting results. In connection mth this, however, we cannot 
but think thnt the long extract from M. Ysvnseur's account t>f the Rhi 
oug[ht hnrdly to hiiTO been gitun in its original French. The little voltuus 
it illiutrated with good woodcuts of some of the species described, kndi ' 
the cliaracteristic parts of others, and n few hunting scenes are introduced. 



NORTH AMERICAN MOTUS.' 

'lUIE American Geologiciil Surreys by no means conHne their activity to 
-L what might seem nt the first gknco to be their legitimate sphere. The 
actual odiceTS of the survey are expected to bave an eye for the pictaresq-ne 
in the scenery of the oul-of-tbe-wny places that their labours ueceaMrlly 
lead them to lisit, end to notice any fucts of interest in other departmeii 
of science than their own, and in general naturalists are attached to the p< 
ties sent out, jn addition to the regular staff of the survey, for the puipDM 
of icTcsligating the zoology and botany of the regions traversed. In tin* 
way B grent amount of information upoti the general natural history of tjie 
vast territories of the United States is rapidly being Hc^iumulnted, and ^e 
authorities publish the results of the investigations thus made in by. no 
means a niggardly fashion, Several of the States baf e alri'sdy publiMeA 
valuable treatises on the zoology of their districts, and in addition to mtttf 
papers of interest on zcological subjects which have appeared in its bultutm. 
the Geological Survey of theTorritoriea some venrs since pitbliahed n 
graph of the Acrididie of the United Stales by Mr. <\rua Tlioiiias, Ento 
molo^ts-are now indeblt'd to IJr, Ilnyden for another vnlu able work tt 
insects in the <' MoDograph of the Pbalienid Moths " of the United State 

" " Report of the United States Geological Survey of the Territ ort—,' 

VtO. X •• .\ Mnnogranh of the Geocoetrid Moths or' rbalu^nidniijiH 

Itates." Ity A. S. Packard, Jun., M.D. Wasliinglou, ^flj^^l 
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i.r Dr. PackHrd which has recently •ppeareJ. It is a most important con - 
iributioD toentomologicnl literature and nt the same time is preciaelj one 
of tliMe wotka nhich could never bare been so wqII produced bj private 
ent«rpri*e. 

The geometrid nioth*. the phnlienrr geomelrar of Linnsua, have received 
tbetriiAnie, as is well known ti> unlomolo^ats, fromtfae peculiar mode of pro- 
grarion ot their cntarpilliiiB, which is a neceasary consequence of their usual 
cantbrmatioa. These curious lorvm penerailj have only two pwra of fleshy 
ptolsgs nitnated close to the hindereitreniity of thebody,andin WBlkiugmost 
of them ndhei'B to their support alternately by these and the six true legs 
which are on the flrat three bndy eegmenta, and thus move by aaerieaafstepa 
in which the body is alternately stretched to its full extent, and bent into a 
loop. Hence "Miese larvee are often called loopera, a name which, among 
collectors, is sometimes applied to the moths. Another result of thd 
■muigement of the prolegs bo far back on the body, is that many of these 
Urvie are &bk to.mimic the twigs of the tree on which they feed in the most 
perfect roaoner ; clinging with the hind feet they extend their bodies etiffly 
and thus present exactly the appearance of a bare twig. 

The moths produced from these curious caterpillars are often of great 
beauty, althongh many of them display sober brown tint^, more or less varie- 
micd. Othen, although of sober colours, are adorned by having these 
smnged in most elegant pnttema. But the sliiking species are not very 
numerous, sod in general tiie Phalmnidtc share the common lot of moths, in 
biing rather difficult to detenu iue^ spec! Bcally. Staudingor and Wocke'a 
latalogue gives about 600 species of Phaltenido) as inhabitants of Europe, 
atiil nithougb in the present work Dr. Packard does not describe half this 
niunbor, those who have ever laboured at the discrimimition and deterniina- 
tion of species of moths will know that he must have nndergaiie very 
I MUidcnble labour in preparing his monograph. 

Bat whatever labour it may have cost him he may certainly congratulate 
lioitlf on having produced a work which will be received with gratitude 
liv tH students of American Lepidoptera both nt home and abroad. All the 
■ uEini tpecies and varieties are described in detail, both the generic and 
'peciGc synonymy is given in full and with dates, a mo:it important matter 
'" ) work of this description, and all the species are figured. To make 
'■It tr»»tis6 more complete, Dr. Packard baa also quoted under the tiUe 
"IWderata," the original descriptions of the species which he has been 
°a>Ue to see, thus enabling any entomologist who may meet with one of 
Ebon to determine the nature of hb prize. In defining his genera Dr. 
IVkard has avuled him!>elf largely of the characters derived from the 
''■wUon of the wings, which have long been regarded a? of great import- 
~~ in the study of the Hymenoptern and Diptera, but haveonly of late years 
4 macfa employed among Lepidoptera, Unfortunately the use of such 
~t liable to be pushed too far, and even in the present excellent 
4 we recognise the tendency to excessive generic division which is the 
1 vice of systematic zoologists of the present day. However, Dr. 
d has certainly done his beat to render matters m plain as poe^ble, 
Wfi» btniabes ihb student with six plates containing li^ures of the vena- 
Pl of the wings of all bis genera, 13etides, there is e ptaie of outlines of 



d 




R SCtB:tCE BETIKV. 



IK RcaUtnical details, and fix plates crowded with JigltTM of the maliu 
thetnselvM, wbicb, Blthough not coloured are very nlmlj- dram and 
charade tiatic. 
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SCIEN'CE M/\XI'.U,S.* 



FLLOWIKG the eiample of some other publishers Mes^ri. Ohamben 
have comiaeiiced a series of " Elcmentarjr Sci^nra Mutiimla " intendcfl 
to nerve the two purposes of self-itistcuctioii xnd school- tenchiiig. Ths 
rotmuals already published include Geology and HiBlorical Oeologj, by Mr. 
James Gikie ; Astronotny by Dr. Findlater, who is the general editor of tba 
aeries ; Electricity b_v Mr. John Coot : Chemistry bj Dr. Crura Brown ; hut- 
gnige by Dr. Fiodlater; and Mythology by Mr. A. S. Murray, of Ua 
XbAiah Museum. The Dnuies of these authors are of themselves a euffii ' 
gQBMDlee that the work is creditably done, and an iuspectioii of the 
shows that they have really succeeded in comprewing into these yeiy a 
volumes an astonishing amount of ^od and well-sulected information. Il 
aeeraa to us, however, that some of them are rather sanguine if they eqiect 
the scholar after studying the manuals to answer some of the esaminadon 
questions that they have appended to them. 



PAGE'S GEOLOGICAL TEXT-BOOK.t 

Dn. PAGE'S"AdvnneedTeJit-Bool£ofGeology "is so well known thit 
we need do little more than announce the nppeanince of ita uxth 
edition. Naturally there is little oi nn change in the general treatment of 
thesubjecl, but the author appears to bare carefully worked in the rw 
of recent iDTeatigationB, where these come within tlie scope of his woik, < 
he has introduced a considerable amount of additional information iritlurat 
materially increasing the size of the hook, by placing the new matterio 
small type. Several new illustrations have been innerted. 



NORTH AMERICAN A'ERTEUllATA.T 

rIS little book is a eynopBis of Ibe verlebrnta of the northem pnrK 
the United States, and it ought to prove an exceeding!}' useful nu 
for residents and travellers in the region of the zoology of which it ti 



* " Chambers' Elementary Science Manuals." Edinburgh. Ifi' . 

t "AdvaneedText-bookof Geology, Descriptive and Industrial." 
David I'aae, LL.D,, F.G.S. Sixth eition, revised and enlarged. Ei 
burgh anJlvondon; "W. Blackwood and Sons. 1870. 

I " Manual of the Vertebrates of the Northem Uuite<l Stales, iodtif 
the district east of tbo Missisuppt Kiver and north of North GaroUna 
iMuieaeee, exclugive of Marine Species." By Vmii "' ' ' 
■" " Chicago : JftuHen, McOlura and Co. If"" 



5-70. 



Tbe Author has erideotlj compiled it witL great cara, and Ihe determiiiBtioD 
of the species vfill be iramBaaely fucililoted by the ekborale tabukr Mrange- 
xotala wliicb serve as a, guide to the goaera. The -whole of these tnbles are 
to M greater or h^sa eiteat artiGcial in their character, but they proreas to 
be nothing more, and in aome of tba larger and more cniuplex groups this 
»Bty nrtificiality has been taken advantage of to render tbe tobies more 
direct guides to tbe de^red end than they could have been if it had been 
■ttompted (to make them serve as an indication of the natnral relft- 
dotw of tho fomu. Thus, when tbe characters of the genera are subject 
to some alight varialioa, the characters of the aberrant species are worked 
uat separately, so that tbe ssme generic name may occur two or three times 
in ihe same table, and by this means there is no doubt the species of the 
^entis may he got at mora readily. Under the head of fishes, of couree, 
.July the forms met with in fresh water are noticed, but the reader wiU be 
iftoniahi'd at tbe immense number and variety of the animals of this clua 
'.lilt find a home in the great lakes and rivers of the North American Con- 
ilu'-nt. The fishes, indeed, appear to be l>r. Jordan's speciality, but it is to 
bri regretted that he has thought it necessary to adopt so many genera. Of 
iiJtural history, of course, there is very little in the book, which on]y pro- 
« to bt» a synopsis. The .\merican geographical dietirbuliou of the 
« ta generally piven, and in some coses where an animal is cnmmon to 
both eida* of the Atlantic, its occurrence in Europe is noted, but very fre- 
i]natly this piece of informntion is omitted even in the case of species of 
^•tme geUTis. This is a defect which we hope may soon be amended in 



AilKBiaVN GEOLOGICAL SURVEYS.' 

E energy and activity displayed by the Uovemment geological hut- 
' nyora in the United States are cerUunly worthy of all praise, and Ihey 
binpplentented by » liberality on tbe part of both the central and local 
s which contrasts rather strongiy with what we are accustomed 
■Uartr honie- The important volumes on the " Cretaceous and Tertiary 
il Vertebral* of tbe Western Territories," by Professors Leidyand Cope, 
ud on the Cretaceous Flora of tbe same re^on, by Professor Leo 
l^aquereui, are now followed by a most admirable "Report on the Inverte- 
WeCtotaceonsandTertiaryFosMlsof the Upper Missouri Comi try," which, 
"'""' it cannot fail to interest the palroontologist by the numerous escellent 
rations and figures of fosuls, and tbe discussion of their generic and 
'1c relations that it contains, must prove of alinost equal importance to 
m account of the precise definition of the divisions and sub- 
u of the depodts from which the fossilsdescrihed have been ohtsiued 
IS light thrown on their relations to each other and to deposits in 
la of the world. 
nls here described are the result of the collections made by the 



I '"Beport ('f the United States Geological Survey of the Territories," 
_W.il. "A Report on the Liverlebrat^ Crptaeeoiia and Tertiary Fossils of 
Wm Upper Miaaouri Country." By F. B. M*iek. Washington, 187(1, 



officers of the mayey uader the direction of its chief, Dr. Haydoil, who hini- 
self commenced tbese Ubniioua infestigatioiiB moTe tbui twenty je«n ago. 
The desciiptians of cretsceoua fosdiU alone occupy 508 pugvs, in which alwat 
S40 species or distinct varietal form a aie described, mostly molluscn ; 83 dis- 
tinct forms are described from the " Bracliish -water and Lignito Ik'ds," 3 
firom the "Wind River Tertiary," and 7 from the '■ White liiverTettistie*." 
These indications of numbers, however, give no sort of indicatioa of ifae 
amount of vnltiahle pnlffiootolof^cal infonnatioii contained in this volume ; 
they represent a certain number qf species of more or leu interest to the 
student of fos^ls; but the remarks upon tbem, and efipecinlly upon the 
generaand theiraubdivisionsareof thegreateslimportnnce topiOreoDtologiats 
everywhere. 

In his " Introductory Bemarks " on the geology of the locality from 
which his fossils were derived, Profesaor Meeli gives elaborate comparalire 
tables at the various sections exposed, showing the equivalence of the beds 
in the different localities. Tbe lowest cretaceous deposits everywhere rest 
upon palsjozoic and generally carlMoiferous rocks, and in n\l tbe aectioiia 
here giren are regarded as the equivalents of tbe Dakota group in tbs 
Nebraska section, geourally contAining, like the latter, Dumetaos ^nnt- 
remtUDS. Above this group come in the ?«ebraska section, the Fort Benton 
group, nnd the Niobrara group, the whole attaining; a thickness of aboat 
1,400 feet in the typical locality, and forming tbe lower cretaceous series^ 
equivHlent t« our Gray (;halk and Upper Oreeiiennd (Turonian and Ceni^ 
mnninn of D'Orbigny). Above these the upper aeries coosista of two groupa, 
the line of demarcation between which does not appear to be very strongly 
marked, — tbe Fort Pierre group with a thickness of 700 feet, and the Fax 
HilU group 500 feet thick. These are regarded as the equivalents of the 
upper cbiilk and Uavstricbt beds (Senonian, D'Orbigny). In Alabamt ud 
Mississippi, and everywhere east of the Mississippi river, the second and 
third, or Fort Benton and Niobrara groups appear to be absent, a* also ill 
the Now Jersey section, which has served Professor Meek as a terra of ootn- 
parisoD between the Araericnn and European cretaceous series ; and in New 
Mexico tbe cretaceous deposits, according to Dr. Newberry, foil into thtw- 
great diviuona, the lowest of which is regarded as equivalent to the Dakota 
group, the middle one to the two upper members of tbe loiwer series, and tli» 
uppermost to the whole of Professor Meek'a upper series. 

With regard to the true position of tbe Dakota group and its equivalentv 
in other localities, which ere so remarkable on account of the leaves oC 
highly-organised dicolyledonons plants found In them, there seema still to 
be room for difference of opinion, imd Professor Meek himself says, "Tba 
evidence respecting the exact part of the European cretaceous series to wluch 
the Dakota group belongs b not entirely satisfui;tory, tbe few aninusl 
Temuns ^ct known from it being mainly casta, and, so far as determinedf 
not such forms as can be regarded ns espetaolly characteristic of any par- 
ticular horizon in the cretaceous of Europe. Up to this time we also knoW 
of no single spedes being common to it and any of the beds alone; buttbsn 
we, as yet, know comparatively only a few species of animal remuns iam 
this rock. One of these, however," he adds, "belongs to the cret 
^Kuu X(pfo«o/en ; while the Other shells are allied to cretaceous 
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forms, Tq addition to ChiH, the modern aRinitit^s of the 

^rouB lekves of Ihe higher types of dicotyledanous trees found in it, 

preient n strong ohjeetion to tbe ndoptioa of the coDcludon tliat it may 

belong to a lower horizon ihnn the Upper Greensnnd uf British geologist*, 

while its poailirtn directly bclnw beds almost beyond doubt reprfsenting the 

"~ or Gray Chalk, precludes its reference to any higher HtrntigmphicBl 

Professor Meek consequently r^gnrds the Dakota group na the 

!quivalrnt in irhole oi in part of the European Upper Oreeneand. 

Orerlying the Fox Hills group, the highest of the uudoubted cretnceniis 

aeries, come vhnt the author calls the '' Fre^h and Brackish-water Lignite 

Depoait*," a aeries of sands and clays, with interspersed beds of impure 

lignite. These deposits are divided into two groups — the Judith Itiverand 

Fort Union groups. The latter, whieh ie regarded as the more recent of 

the two, is also much more widely spread than the other over the Missouri 

le^on. The chief interest attaching to these deposits, however, and especi- 

dly t« the older, or Judith Kiver group, is to be found in 

I'-.-iublnge of fossil remains which theycontain. This seems 

It as passage beds between the Cretaceous and Tertiary seri^ 

iil^bralc remains found in them seem to point directly t 

al^Biliea some of them being Dinosaurians related to Ig'tanodan, Mrgala- 

rnnnu, &C.J whilst associated with these are others, fiich as a tortoise belong- 

iigto an Eoceoe genus, and garfishes of the genua Cltuten, which, with the 

ttBUios of plants also found in the deposits, would scum to indicate an 

Eocsne Tertiary date. Similar, if not identical, deposita are recorded as 

<1ceamDg in various parts of the country, and especially in Southern 

Wyoming, where n liguitiferous group, called by Ihe author the Bitter 

CtMk series, exhibits in a very striking manner the intermixture of 

''reticeoaa and Eocene types above referred to, but with this remarkable 

^'Idition, lliat some species of shells obtained from low down in the series 

-ihibit ^trilling Cretaceous affinities, whilst others from a higher horizon 

"I'pMf to belong to decidedly Eocene types. On the whole, it would 

"ppeu that in the Judith River gt«up and its equivalents in other localities, 

"^ bate distinct traces of the transition from Cretaceous to Eocene con- 

^^ iilioos. The Fort-Union group appears to be of Eocene age. 

II^L^ ''^e Wind River and White River groups, from which a few fossils are 

^^Bhttibed in this volume, are of Miocene age. The former does not belong 

^^Pnbe Upper Missouri region : the latter ia a series of sands, clays and 

^^ nib, farming what are known as the Maiivaifst Terret, or " Bad Lands " of 

"'■Wka, and it is from these deposits, which may have a total thickness 

"' liiout 1,000 feet, that the extraordinary Mammalian remains lately 

''™ribpii by Professor Marsh have been chiefly derived. The Miillusca 

'i"ain"d from these deposits, which are so rich in the remains of Vertebrata, 

"*liui few — only seven are here described by rrofeasor Meek, and all are 

'''Atrial (ir freshwater epecies. 

iiluBtrations, which occupy 45 phites, we need only say that, as in 

publications of the American Surveys, they are abundnnt in quantity, 

the most part excellent in quality. In fact, in every respect 

Meek'a work on the Cretaceous and Tertiary Inverlebrata of the 

a one of the finest and most complete contributions to the 
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pala*ontology of any formation that -we poasesa, and with t 
volumes of Profesaots Leidy, Cope, and Lewjiicreux It will nutei 
in sohing one of Ibe iDost dilHcuh problems in the Geolo^ of ^ 
Nnrth America, iDTolrins; the relatioDB of the ligniliTeToas d«poiite to ti 
well-marked cretaceoiu roekt uoderljing them. ^ 



FEKTIUZATION OF PL.\NTS.* 

ria probably well known to most of our readers ihat Mr. Darwin tt 
jesre ago woi led to the belief that crosg-fctlilixatioa w 
ptoceM in many, perhaps in moat plunts, even though ih* orgntiB of the two 
aexea mipht be preeent together in their flower*. Tbn prime ngenta i 
effecting tbie be took to be itisectfi, and hi« own reseuebes on the Orohids, 
the Primalace», and some other groups of plants, followed by the inveatt- 
gntions of other nnturaliela, both in this country and abroad, have gono fw 
towards establiabing tbe truth of this generalizatioD. The iii(>atiB br whidi 
the croas-feTtilization of plants, by tbe coDtact of the pollen of one fiowwr 
with the stigma of another flower, on the Minn nr a diHVreni plant, ia pro- 
vided for, are indicated as follows by Mr.Darwin in bis lately published h ' 
on"Tbe EiTeeta of Cross and Self-Fertilizatiun." He says: '-Crog^-TertillMtiM 
is sonivtimM ensured by the sexes being separated, and in a large ■ 
of cases by the pollen and stigma of tbe same flower being matttred ti 
different times. Such plants are called dicbog&mouti, and have been divid«d 
into two Bub-cIsMes : proterandrous species, in nbich the pollen b niatim 
bflfore the stigma, and prolerogynous species, ia which the revet 
thia latter form of dichogamy not being nearly so commoD as tbe otlin'. 
Croas-fertilizfttion in also ensured, in many cases, by meehanictil eontrivwWM 
of wonderful beauty, preventing the impregnalion of tbe flowers by tMr 
own pollen. There is a small class of plants, which I have called dimoralue 
or trimorpbic, but to which Hildebrand has given the more appropiiata 
name of faeterostyled : this class consists of plants presenting two or tfana 
distinct forms, adapted for reciprocal fertilization, so that, tilte plants witb 
separate sexi», tbey can hardly fail to bo intereroB^ed in each genentioa. 
The male and female organs of some flowers are irrilabin, and the 
which touch them get dusted with pollen, which is thia tmnnpond lo 
other flowers. Again, there is a class in which the ovules uhsnlntdr 
refuse to be fertilized by pollen rnini the saaie plant, hut cnn be fertiliredl^ 
pollen from any other individual of tbe same species. There are also v 
many species which ore partially sterile with their own pollen. IaMIj, 
there is a large class in which the flowets present no apparent obtlaek <t 
any kind to self-fertilization: nevertheless these plants are frequently uiMr 
croEEed, owing Iki the prepotency of pollen from another Individ uul otniiMtJ 
over tbe plant's own pollen." 

The wonderful variety of arrangementj all tending towm'ds the aami 
so admirably summed up in the preceding paragraph, ia suHiciant, s 



• " The Effects of Croae and S elf-Fertilization in the Vpgotnblc Kinndom." 
y CbarlM Harwia, M..V., F.R.8., &c. London : John Murray. 1876. 
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Damio justly rcmsrka, to 'nnrraat us in inferriDg that Ihe plants referreil 
great advantage from tlie ptouess of crora-fertilitation, aod 
pmeDt book U a record of tbe long seiiea of ex:periineDt8 tliat he has 
.sken ^th the purpose of [ucertaiDiiif; whether anj such advantage 
ftcerue to the plants by iatercrosalng, aad if ao, of whnt nature it maj 
be. We Eoay add that, &om his observations, he in inclined to adopt for 
plants ID geDerol the aphoristic statement in which he summed tip the residts 
of his iuTestigations of the Orchids : " Nature abhors perpetual eeif-fertili- 
' e same time he hj no means clnims to be the abaoluta 
pnator of this notion, which occurred to Andrew Knight ns long ago as 
when he said ; " Nature ioteiided tlint a seiual intercourse should take 
between neighbouring plants of the same species;" and aubsequentj; 
Kiibeutei and Herbert enterlnined somewhat similar views. Still 
1793, C. K. Sprengel seems to hare bad an indistinct prevision 
prvvalence of aonie such law ns that enunciated by Darwin. . 
'It would be impossible, without devoting to it more space than we have 
at mmmond, to give anything in the tlinpe of an analysis of the results 
published by Mr. Darwin in his present book, which is a wonderful record 
at padent investignlion, directed by an intelligence of so high an order that 

|f«ela BUTplised, notwithstanding what we already know of Ur. Darwin'« 
k, to Me the two qualities inTolved in carrying on the researches and 
nStbg their results so strikingly combined in the same individual. 
■ and Mif-fvrtiU zillions of innumerable flowers had fu be vfleclod, the 
1 to be 8own, the plants kept diatinet, measured and weighed, and all 
a ptoceeses were continued in majiy coses through several generations, 
tlw whole of the result* obtained were then tubulated in such a manner 
I show tbe evidence furnished by tbem for or against the opinion which 
Iba dUtJnguiahed naturnliitt was desirous of testing. With hut few exceptions 
tii9 plants raised from cro!>a-fertilizod seeds had, as Mr. Darwin expected, 
an advaniagp, and often n considerable one, over those which sprung from 
seed* fertilised by the pollen of their own Hower ; but for the particttlors of 
tbe esperioients, many of which, having been made upon common garden 
plnota, may cosily bR repeated by any one who feels an interest in such 
Tvaearches, we must refer our readers to the book itself. Many important 
obscrvaliuns are scattered through the volume, and the summary contidned 
in the last four chapters is of great interest even to those who will not 
be at the trouble of studying the mass of facts given in the body of the 
book. 



BRITISH FUNGI.' 

rXT a third edition of Mr. Cooke's " British Fungi " has been called for 
is most certainly a matter for congmtulntion, as it is an indication that 
there muwl be an iucrensing number of people to whom the study of plants, 
aa something more than pretty things, is of interest. This now edition has 
nndei^otiebutlilOe alteration, but the text furnishes a goo J pnpular'account 

* " A Plain and Easy Account of British Fungi, with especial Rofen'nce 
to the Esculent and Economic Species." By .M.C. Coulie. M.A., LL D. 
TUid E(Ution, Kevised, London : Ilardwicke & Bogue. isni. 
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of the more prominent Britisli forms; nnil appcniled to it is n tabular 
ommgement of geneni, which, if carefuHj ufled, will punlle the student to 
discriminnte at leatt the genus of Buy ordinAiy Fud^s tbu he mny Uiert 
with. The illustrations nre iiarlicularlj good ; thejr conrist of a conaidpinbUi 
nuinher cf woodcuts and of twenty coloured plates, the figures in -nhicb 
are exceedingly pretty and verj- cha™elcri«tic. The cscult'Ut ejieries recciro 
particular attention. 



GEOLOGY OF EXGIAND AXD WALES." 

rAT Britain may faivly claim to be the birthplace and niiTBery of the 
modeniBcienci' of geology, id no dnuht due lo some extent ta tbepretenw 
amoDgat us, during the last century, of men with special tHleolA for geo- 
logical researob, but it is quite certain that the geological fllructure of the 
country hiu hod much to do with it. It is true that flutton and his 
commentator Playfnir laid down the principles which are now recogniied 
almost everywhere as the true foundatlonfl of gpology: that William Smith, 
by hie Btratigraphiciil reaearcbes, and especially by hid recognition of the 
value of fossil evidence in the diBCrimioation of depoails, laid the first stune 
of an edifice whicfa all subsequent worliers in the ^nme depai'tmvnt hara 
merely contributad to linish ; but it may bi* questioned whether Briti«li 
geologists would have done so much, and held so prominent a posiiion 
among the students of their scieDce, had it not been for the peculiar advan- 
tages presented by their native island, and especially by its sonthem 
diTiaion, for the study of geological facts. Xnwhero else in the world do 
we find so complete a series of stratified deposits brought together within 
so small a space. From the highest glacial and post-glacial beds down 1o 
the oldest fosMlifoious deposits the British geologist may work his way 
practically without leaving his own country, and altLongh bis ecquHJntaac« 
with gpology thus acquired may perhaps be a little one-Mded, be will tw 
quite prepared to appreciate and work into the framework of his personal 
knowledge tliose facts which nre only revealed in other comitries. 

Under these circumstances it is perhaps singular that we have fo few 
books professing to be guides tn the study of the geology of A country M 
interesting and important. It is true that most of our manuabi of geologj 
take the structure of tbis country es their foundation, and treat the goolofty 
of other parts of the world as more or less subsidiary to it, so that they nUty, 
to a greater or less extent, servo as such guides ; but they are generally d«f)ci«iit 
in that local deiinitenetis, if we may use the expression, wliich would tender 
thero most useful to the student. The well-known " Outlines of the Qeologf 
of England and Wales," by Conybeare and Phillips, publishod in 1822, Mid 
to a certain extent and over n limited area the " Geology of the ThMne» 
Vailey," by Professor John Phillips, which appeared in 1871. are the onlj^ 

" " The Geology of England and Wales ; a Concise Account of tha 
Lithological Characterp, leading Fossils, and Economic Products of tW 
Rocks; with Notes on the Physical Features of the (Jounlry." B» 
Horaco II. Woidward, F.O.S., of tlie Ooolopcal Survey of KngUnd jid3 
Wales. With Map and Woodcuts. London : Lon^aus, Qreen 4^" 



g«neMl bnndbooks we possess in which the IocaI element ia Butixcleiitly pro- 
roinenl, and the former of these hns been so left hehjnd in manj pointa bjr 
the progress of geology during upiriuds of oO jean, tliat nlthough still of 
great THluenanbockofrefcroQce, its atateiuetits require to he great!; modified 
to lait thi;m to modem ideas. 

It ia therefore with grent pleasure thnt we call the attention of our 
readers to the admirBhle little bsndbook of the Qeologj of England and 
Wales lately publisLed bj Mr. Horace B. Woodward, of the Geological 
Sun-ey, the son of tbe late Dr. S. P. Woodwnrd, whose "Manun! of the 
Molluaca " must he wtil known to most of them. In this hook, Mr. Wood- 
ward boa brought together in systematic form the results of tbe best iu- 
-vestigatioDs that bare beeu made in English geology, and we find that 
even tbe moat rect^at publiutitions have been laid under contribution. He 
commences with a short introduction on the principles of geology, and 
then proceeds at once to the description of the atratiBed rocks, from the 
Laureniian or Pre-Combrion formations up through the long series of fossili- 
ferous rocks, to the most recent alluvial deposits. In his classification of the 
older PalKOioic Btrala ho adopts the TJewa of Sedgwick, as lately rerired 
by Mr. Hicks and other geologists, placing the boundary between Cambrian 
and Silurian at the base of the Lower Llsjidovery rocks. As an innovstion 
upon generally received opinions, we may note tbat Mr. Woodward cuts tbe 
knot uf the difficulty tts lo the line of sepamtion between tbe Palceozoic and 
Mesozoic rocks, by shifting tbe Penniana bodily into tlie Intter series, where 
be niiikea them form, with tbe Trias and Rbtetic beds, a primary division 
[ut which he adopts Conybenre's term " PoiJtilitic." In this, at all events 
M legardii the poailion assigned to the rermiaus, we cannot help thinking 
tUt tbe author has sinde a step in the wrong direction^tbe fossils of the 
Penuiaa series are so decidedly Palffio/oic in their character, that if a line is 
iJi be drawn anywhere it ought at least to be above tbeui. 

lit all other particulars we can only repent that Mr. Woodward's hook is 
uiadminbteone. That it is of necessity to a great extent a compilation 
"ill bn evidtnt to all ; but tbere are compilnlions and compilations, and in 
llie present cose tbe author has selected the best authorities and used )iia 
L">^ judgment in tbe employment of the materials they aObrd him, guided 
Duduubt in many cases by bis own experience gained by several years hard 
"ark in the field. Moreover, he is not content with calling on bis renders lo 
liK^fl nbat he tells them, simply because he says it, leaving them to sup- 
V* that no other view ia by any means ndmiaeible ; but in all disputed or 
doubtful ca^es, he brieSy iudicatea tbe evidence on both sides, and places 
llieniktter in sucli a form, thnt those who cboose the path tbat he has 
''JKted, may still make use of his lamp as a guide for their feet. 
" :s describing the chaincti^rs of the difierent formations and theii; 
I, including those minor aubdivisiona which have received local 
d indicating tbe localities in which exposures of tbe various rocks 
udied, Mr. Woodward notices tbe economic products of tbe rocka 
oes theni in review, and in most cases their infiuence on the overly- 
He has also a special chapter on the elfsct of geological structure 
!■ dnod&tion on the scenery of tbe country. The fossils indicated under 
irent forinntiona sre not numerous, as tbe author snys that be doe< 



r long lists without figures of mucU u«e to the atuJent, bnt \» 
■Q CMC* soBe of the most characteristic funus ue noticed. 

Aneng the coodDding chapters we haTeoneoa ''Sub-ncrisl plieamDeut,* 
aadi a« the prodnctian of springs, nvero^ p«>tt poiU, &c ; nud ntiutliR as 
^t/aot and netamorpbic rocks and on Diineral veias. An appendix too- 
taiaa a g4aaEai7 of geological terms, which is gmerall;, though oot iiuits 
alm^ cared in its definitionn, and a tAble uf the cluaidestion of ^ 
***~t' kiagdom with ^tecial reference to pnltoontological purposes. Tie 
JHMlratioM ooMtst of diagraramHtic sections and a good mauj Tei; mot 
rW^a ; the fixmer tni^tht perhaps be increased in number with adiaiiligB. 
There is aba at the begintiin^; of the volume a aDiall colauted geida^ 
g Terr clearii tbq diflribution of the Tarious fonuntioat. 

e may uj that Mr. Woodward's treatise will be foiuilu 
rt gwde for all who wish to study the geology of this countiji ud 
at the MBetiae it will be of cooadcnble Talue to more advanced geoti^di 
*ho May often Gnd it exceedingly convenient to rpfer to for psrticuUn rf 
I* of those minor diTisiODs in the series of depodlj, thcd«Uuli(f 
a apt 10 dip out of even the most tenacious memorj. 



AQUARU.* 



SDfCK Mr. Wimnglon invented the aquimum, sowe fire-Rnd-tweotT 
jiMiin mgo, th« Bpp«ecialifin of such means of studying aquatic animih 
hta tfntiwt^iiiiielr, both in this country anJ abroad. Naturally theielisn 
haMmahuBdaiiC*«fbooh3,good,had, and indiderent, written asides to tba 
lainigTwrnt nf Ihr aqonriDm and JI^ inmates, but few of them can claim U 
tdl their stoiT in a moiv practical and at the snTn» time pleasant fuhicA 
than Hr- J- £■ Taylor in bis little volume now bt^fure ut. In it be gives' 
hriel acMttoI of the kisKxry of the aquarium, foll.^wed by a chapter on tk< 
faaa^ka tm which the formation of nn aquarium is founded, and then ptO* 
I.I III II to explain ibe mana(;7mrnt of fresh water and marine aquaria 0' 
ivioas kind*. anJ the mode »f $ilivhing them with tenants, aud to skets'' 
the aalvral history of tome of tb<^ more interesting objects, bnth nnimals lai 
pkatik which may trilh advnnlaiie be kept in these indoor puoU. In lhe*0 
hrirf biomphical sketches Mr. Taylor, after bts wout, puts all that he 
lo MT in a Binet readable form, but nt the «anie time we are glad to 
that he does out lose »gbt of the fact tlint the aquarium is to be regarded 
as a nvans not only of amus«niifnt but of instruction ; and he loses no o| 
pMtunity of indicating in what mnaner the suppowd toy may be made iuh- 
SMTinl to the lattsr purpose. The little book is copiously aud very nieelj 
iUttttiatid, and maj be recommended as an admirable gi^-bojik for anj 
JMU^ pMph vba!v paivnts and guardians are not deterred by the fear oC 
p<MMUe " mmmi" Cram encouraging in their cbiirges a taste for tbo | 
iJtal study of th« natural history I'f our seas and fresh waters. 

• ■• TW AqtuHum; it* Inhabitants, Structure, and Management." Dy 
J. K. TayW. VhJX, F.L.S., F.G.S., &c London: Hardwicke & HogiMi 
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^V ASTHROPOLOGV. 

.V™Air«.— Dr. Thomas Inmiin has conniiunicftti-d to the Literary and 
rbiiosophical Society of Liverpool aomo iiotea on the mode in wliich 
^ijintic tlonPB, such as those of Slonehenge, imd the lueiihirs of Brittany, 
liny hnve been erected in tiio pcnitiana they now occupy. Ilia obeervntinns 
.:' [nanded on the stn(«nienU of the Inte Mr. Greey. n viv'd engineer, who 

i»'ii block of »ione, weighing from SO to 30 tona, curried up a hill to a height 

' 4,D00 feet, In the course of three or four hours. This was apparently among 
''■:- )Cbiiaia billa, -nhere, according to Major Godwin-Austeu, upright 9toaas . 

( Urge flize are very coramon. The stone was fixed upon two longttee*,,! 
liT'i'd pamlkil to Biioh other at its two ends, and projectinj;- for a consider- 
''l- diatunce on eocli aide of the megalith. Between these trees, and 
[■■'f*ll<il to the stone, seTeml crnaa-tiea were laahed, dividiB^r the cradle on 

i-li eide into parallelograms, in each of which a considerable number of 
'iii-n could BtAnd, each having ii firm hiuid-Jiild upon ono of the cross-ties. 

I%tBliiag dve of ihe cross-tiGS on each tdde of the stone Dr. Inmnn recliona 
IW there would bo room for COO bearers, which, taking the block at I 
2* tinu, or C20 cwt., would give less thau 1 cwt. for each man to carry, 
"m informant did not count the men, but he saw theoi lift the frame with 
*■•- bWk of stone and walk off with it emiily to the top of a hill 4,000 fevt 
-V'l- Its erection when there was eU'eclod in an equally siniple manner. A hole 
itM dug whereil was to stand, the laahingB securing one end of the stone were 
'■'.iwia the ties removed, so as to allow the end of the stone to fall into the 
'' '? : top«s were attached to the other tree and hauled upon until the stonft J 
^'u brought into an erect position, when the hole was tilled in and the woi^ J 
^^Wipleled. The whole process does not occupy more than three or four hours, 
^KMthswork is done gratnitoualy, all members of the community, accordinif to 
^^Btr (Jodwin-Aosten, being under an obligation to Bssist in so meritorious 
^^Ptnrii, the menhiiB being generally, if not always, erected in honour 
^"Wttiaa deceased member of a tribe or family through whose influence in 
'^'' nlbcr world prosperity is supposed to have accrued to the family 



ASTHONOSTY. 

T!,e Sun's lluCalion Mcaturtd Kith the SpeHroneopf.—Vie b«ire lo recoid 
the most rt'iiiurhable aoiievemeDt jet elfecteil with the BpBctroBci>pe, 
though inTolvinjT no discovery, at lenal do new result wllich wa m yot ha 
regarded ns deuioriBtnited. It will be within the kiiowledgo of our refcdew 
that Sacchi, having Med to recegniie Ibo effect of the sun's rotation by the 
apeotrosoopic method of measuring motions of reeetdon and approachi 
expreascd doubts as to the validity of the method itself. These were p«rt!y 
hftsed on an erroneous estimate (rhiuli in tiaxo inexplicablo wn; Seochi bad 
formed respecting the actual rate of the aun's rotalional movement Bl the 
equator, this rate in reality amciuntinr; to only a small traction of Secobia 
estimate. Uug^na also failed id oblainiog spectroscopic cvidenco of uiB 
solar rotatioa, though he used u spectroscope mad« by Itrowning fi>r 
Spoltiswoode, (the only one of the kiod ever mode), on a plan devise)) Itf 
rWtor (the automatic battery i^-alinped and tivice-actiu^), glTing a dia- 
peraive powerequal to that of ninEteen equilateral priams of flint glaw. The 
observers At Greeuwich hare not as yet announced the final resulU of thdt 
attempt to measure the sun's rotation BpectroBOOpicBlly, though from thogeas- 
ral Rtalement made by Sir O. Airy it would aeem they have succesafully dealt 
irilh the problem. In the messtime it has been ma«t«red by Professor 
Voung, of Dartmouth Colluge, Jlaoorer, N.H. Employing one of thl 
marvellously effective ruled plates, made by Dr, Itutherfiird, which f^n 
diffrnctive spectra of ainguinr purity, Iiii has succeeded in unmistftkaUjT 
recognizing the spectroscopic clt'ecU of the sun'a roUtion. He regarda ld( 
iastrumental means with so much confidence that he relies even upon lll« 
difference between his results and those due to tlio direct mBasureoiMit of 
the solar rotation. He Unds tlie sun'a atmosphere la be tmvelUng n 
what faster than the TiMble aolnr surface. We are not sure that his conft- 
deuce in this particular detail of his results is justifK-'d by the perTonnaiiM 
of his Bpectroscopic combinntion in other coses. The difference of nite^ 
about ten miles per minute, seems tnn small to be measured in thb mjr. 
But, in fiJiy case, it is satisfactory to liud that a motion tn small as that 
due to the sun's rotation, about one mile per second (or a difleivnce, far 
opposite points of his equator, equal to about two miles per second), can b6 
recognised by the ^spectroscopic method, a.* this enables us tu regard wrtb 
considerable conUdcnce the measure men In of stellar motions of reccsaoD tod 
xpprnacli, amounting, as these often do, to twenly, thirty, or eveu ao nnmj 
m lifty milafl per secoud. 

Siirctroacopiv Meaxura of Motion at Gmearcicli. — The Adtronomac 
Royal, in communicating the results of measurements of star motun^ 
commenta on objections rmsed by rrofessor SecchL These ore on tlio wboto 
Bfttisfactnrily disposed of. Indeed some of Secchi'a objoctions indicsto t 
very imperfect acquaintance with the niles for detencining ttie Talav of 
results ohtnined from a aeries of meaauroments, The measures tfetor mo&a 
agree on the whole fairly with those ublniiied by Uu^ns. Mcasurtia of tb 
dijplHcumL'nl of lints in the spectrum of tiie moon and Venus haTO bean 



mnde, to test the accunicy ol the tnelUod. In ilie ease of the moon the 
molion in the liao of idght i« insensible, and the result of the observfttioDB 
' is in very Batiafkctory ngreement with this. The motion of Venus bns been 
obaerved «t both Blongationa, llio compurison being mude in some csaea 
with tlio bright linua of hydrogen ot tnngaKfhita, in others -with the shy 
Epectruiu, Tha ob»ervntioiia of the ne^tum elongation nere made in the 
fo(«nooD. The cakulAted motions hnre been deduced from the divilychnnge 
of distance from the tnrth, ua given in tbe " Nautieal Almnnne." The 
obsurred motion ia rather larger than tlie calculated, both for the approach 
and recewion. Sir O. Airy remwlis that tliiN inny be due in part to the 
disturbing effect of the juxtapoeilioi] ot two nearly coincident lines; but it 
teems not impossible that we have here an iiidicatinn of tbe fact, nlready 
^Iiotntto be deduciblefromtheobservatiotisof tbe recent transit, that tbe eun'a 
ditiance has been recently under-estininled. In Sir O. Airy's paper the sun's 
dieliince is taken as 01,200,000 miles, whereas the true distance appears to 
be nboul 02,000,000 miles. And of course our estimates of all the moliona 
t^ing place within tha solar system are affected in proportion to any error 
in the assumed distance of the sun. It is intereeiing to notice that wo have 
in this Hpectroacopic method of mctuturin^r motions of recession and approach 
H tne&ns (which one day may prove exceedingly efTectiTe) of determiniaj 
tbe dimensions of the solar system. 

Many attempts were made to measure thu displacement of the F, line due' 
tbe rotation of Jupiter, hut for a long timu these were fvustrated by 

«ric obwtructions. On one occasion, however, the speclium was seen fairly 
I, uid meaiures obtained which ^iye a result in remarkahle accordance 
k tba wlculated value. '' It is to be remarked," says Sir O. Airy, " that tha 
n be applied to Jiipitvr with peculiar advantage, as the equaloriat 
KJty iavery large, and its effect doubled by reQexion. Thus the observed 

ment corresponds newly to four times the equatorial velocity." 

^ measuring tbo rotation ot the sun the great point aimed at was to pre* 

'a beat from in any way affecting the position of the line 

rred, by expanding the slit unsyni metrically. Tbe precautions adopted 

T to have been sulfitJent, having, says Sir Q. Airy, "removed the 

' error to which results by former observers appear to have been 

Particular care was also taken to avoid any bias from previous 

wlcdge of tbe direction in which a displacement was to be looked fur, 

||limb under observation not hein<; dvlermined till after the bisection iiad 

a made. " In the calculated motion," says Sir O. Airy, " there is some 

inty, as it is doubtful how far the period of rotation deduced from 

a will apply to the cliromatoaphere,'to ^the rotation of wbicb tba 

rved displacement is due. There would appear to be no reason to sup- 

B that it tAkes part in the general drift depending on the latitude, wbicb 

I been remarked in sunspots." These spectroscopic observations at 

penwicb are on Ibe whole very satisfiictory. 

a of the PlancU. — M. Vogel has made researches upon the spectra of 
■ ptiuwts, for which a pri/.e has been awarded to him by llie Copenhagen 
Wtmy. He iinds the light of tbe planets in general to show the prin- 
i ^aunhofer lines, lie considers tbe idea of a light proper to Jupiter 
1 Siilum, as explniniog their brightness, to be unfounded ; for 
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TS.P. Langle; hv 
■aj poiBli of ■ degree Centigrade tb* . 
I between a jnr d 
a yeai of miiiimBm fpot uvaa, so ^ as Uie immediate effed . 
of Urm on tbe Kilar tbenaal ndutioiH it eoacemed. To do tlii«, it il 
iMHHajj, he Hjf, - Fmt to ptoettic front experiment, truetworl^ 
maaMUvoienU «f tbe relative unoimis of pbotospberic, penumhtal, «ld 
umbrid ndiati<in ; tecoodlj, l/> dctmuine tb« celalii« phutrnpheric, pi> 
nunibra], and tunbral surfacea, in a nuucininni and luiiiiiiiiua jeta, vA 
(liaviof; Hiilabl; contbioeil thete dau] to ahuw, thiidlj, within nhat ep^ 
citia Umita we can aawrt that the t«mwtnal tempenttue will neccMarilj \t 
cliaug«l." Une rather important piniit ma; be added na absolutely rMrn ' 
lial to the formution uf an opiaion from direct obsenaltMi, vii., *ri» lotiil 
dfltermiDe whether the Hdiation from the photosphere rcmaitu iaichang«d, , 
ur if not, bow it Tariex, with the changing coixlilion of the euti as r«giidi ' 
the ipots. It tuBjr be that the incieascd itctivity certunly preraitiag wIms 
([loti ore numerous IncriiaBei the general radiatioQ fmm the pliotaapbatl^ 
Bod tlial, too, in a much ipvater degree thau the eunspot area reducaa Iba 
cktvDl of pbutiMpherio «iuiiuv. Uuving unfurtuiiatelj omitb^d la wnke ai^ 
ubturvatinnn bearing on thja point, probably the most iiuportant in the wboU 
iur|uirf, l'rof«Mor l^iigley'i reaultB &ru pro tiinto reditced in Talui;, That 




"j'lar beat due to suaepoU, amounts to one-tcntli per cent, of the whole 
mdutUon (vrhose thermometric effect regiaterecl here is a change of nt least 
7<f C,)! whence we find CP-oea C, as the least chnnge in terrestriBl t«ra- 
whicb WB can fttlributu to tbe direct action of the spots; nnd the 
fraateif chnnge in terreetrial temperature whii;h con be duo to this cause 
a to O'-^B 0. Thus " Hunspots " do exercise & direct and real in- 
nce an leRestrial climntea bj decieasiD)^ [ba mean lemperature of this 
EjlbDet U thdr maximum, but the decrease is so minute that it is doubtful 
pvhetiiei it bas been directly obserred or disc ri in inn ted from otiier cbHng^e." 
BjMUoirial Motion mth an Alticimuth Stand. — Lord Lindsay describes a, 
method of icekiog nn ordinary altazimuth telescope falluw a celestial body 
ibng a parallel of declination, which many vfha have used an altazimutb in 
utronomiciil observation must huTe thought of. It is manifest that when a 
lelescope is aweeping a declination parallel, a point of the tube lying on a 
liue drawn parallel to the collimating axis through the intersection of the 
Witontnl and Tertical axes, must travel in a circle biiviiig its plane parallel 
U the equator and its centre on the polnr aiia through the last named point 
<f iotersectioQ. l\s distance, therefore, from any point on this polar nxis 
tmal remain unchanged. If then such a point of the tube hu connected 
with a fixed point lying on this polar axis, the telescope will sweep a decli- 
* o-parsllel, if turned around the Tertical axis in such sort that the 
ing string remains stretched. As the leuj^th of the connecting 
a be readily altered, the telescope can be made by this arronge- 
a aweep out any declination-cirDle. The idea is not a new one. It 
M loog ago snggested by Bir G. Airy, with, however, n somewhat incon- 
indcnt airangemeiit, the Insteniitg string beiu^ attached above and behind 
tot north oi) the pivot. Lord Lindsay suggests a string attached in front 
^* "i) of the pivot ; in fact, from a point on the tube near the object- 
A Bxed point suitubly placed due south of.the vertical axis. In the 
n BCComponjijig Lord Lindsay's paper the point near the object- 
it corrMlly placed ; it is on the tube itself, whereas the pivot (or 
a of (be axes of motion) is about IJ inch from the tube. 
tmt VHlnat. — Some escitemeitt woa occasioned among the be- 
ll Vulcan by the announcement that in April last M. Weber, at 
«d seen a roimd spot on the sun, which a few hours later bad 
After Wolfe, Levcrrier, Moiguo, and other?, bad expressed their 
Sen that ibis was a real tninsit of Vulcan, and had urged astronomera 
it lor another transit in Uctober, it was discovered thut Weber's 
Lt the Madrid Observatory, and had been photographed 
I QtWDwicb. It was seen, however, nnd photographed as an unmis- 
le SDiupot, and Weber's view of it as a round bltLuk disc which might 
s B planet in transit, was due simply to the small power of his 
\. We wonder how many reported " transits of Vulcan" would thus 
n explained away if a systematic observation of sunspots had heen 
II former years as at present ? 

it £cl^ue of the Moon, partly vitible at Greemckh. — On the evening of 
— ' in will rise ut Greenwich already partly obscured hy the 

|^{enambra, but the true shadow will not encroach upon the nioon's 
'' ' L later, or at 29J min. past C, p.m. Total phi 




»ltSk.27-9m.; nUdle of tlw edtpM will ooaa >t 7L. [5-3ui. : and of tobl 
phf II nt flh T'Tiii ; lod lut oootut nitii tlie ifakdov a: 
nanlm not quits pmhd^ off ontil Ofa. 50l7iii- 

I\o1iai Ed^ of tit Sm.—The partial Mlipse of tbe (un on Uarcb 16 
win not be viribb at Greeowkh. It will not be of aui importsDM. 

jph/utary Oppotiliim.—Tha onlj plaaet wiiteh eoniw* to oppoiitioD duimg 
tbe ^oarter ending: March 31 i^ Unaut, which will be in oppotition at atiovt 
o'dack on the morning of Feb. 11. 

A'rtB Star in C^^iu. — Earlj in the ereniap of XoreotbeT 34, ProrealOt 
Schmidt, the director of iha ohteirttory «t Athens, obaerved a etar of tilt 
thinl magnitude in the consteUalion Cygnui in R A. 91 h. 3S m. SO- 41 t. 
N.PJ). 47° 43' 31'fi". At midnight its li^ht (t^jj foUonr) sarpassed thU 
of i|Pega8i,nted b; Sir J. Heisdiel aa of mairnitiide 3'73 (a Ceotauri bong 
1). On December o, M. Paul Henrj, of ihe Paris Obsetratorj, eetinwiad 
the atai as of the 6fth magnitude, andit« colour greenish, almost blue. 
Cotna examined it unsucccsafullj on Dec 2, but on Dee. 5 he aucoeeded ia 
making nervral meaaureH, though much interrupted bj douda. Ills n 
are thus presented — "The spectrum of the star ia composed of a CDitne 
number of bright lines titaadiog detached on a sort of luminous badigToiiiidi 
alffli^t completely inteirupted between the green and blue, to tliat at fint 
R^hi tbe epeclrum appears to con^st of two separata parta. In otdet 
■tudf it qualilfltiTely I made ose of a spectroscopic efe-piece,tpedaUyoi 
atmcted, which utilizes tbe {greatest portion of the light, and allows u 
its concentration." Three uf the bright liues obserred appear to 
of hydrogen, another line seems la be identiHed with tbe double Hu 

of sodium, though there is uothiog to preveol us from regarding itll 
tgreeiog rather with D,, the well'kuowu yellow prominence Uoe. AGftbllBI' 
■gK«s with llie triple line li of iiisgnesium- Of two remaining lioea, oM 
•e«m« to be coincident with the line (1474 EirchholT) obsorved tit A> 
spectrum of the solar Corona and Ihe Sierra. M. Comu eloiea an inteicM 
■ummary of hia observations with some "mighty fcolish" remailis, "B 
withstanding the great templalion there eusts," he aays, " to draw fi 
faclin inductions relatire to tbe phyucal condition of this new star, ita t< 
peratnre, and the chemical reHClions of which it may be tbe aeot, I >1 
abstain from oil comment aod all hypothecs ou this subject ; I belief* ftl 
(beta necessary lo arrive at a useful conclusion nre wanting, or at 
a rnnclusion capable of Terification. Whatever stlrnctionB tbe 
theses may havB, it is necessary not to forget that they are uns 
and that far from serving science they tend greatly to trammel her, 
propoutioD "we for the present content ourselves with modestly 1 
peremptorily and irrevocably denying," M. Comu's remnrlcs sc 
as a reflccUon upon Mr. Hiiggins's method of treating thu questions r 
by the outbreak in Corona in May 1300. The faypotbeseH theu snggssUJ 
by Mr. Iluggins led almost directly to tbe succesuful investigation of ll 
solar prominences ; and neither tbe method so successfully UMd I 
M. Coruu, nur the facta on which he bases his inlerpralation wonld b 
been known to men if all students of !icience had been contvQt b 
iiiect ubstttvatiQiia as barrea and unproductive ai JiL Qom 
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BOTANY. 



from the Tomato. — Accniding 1o M. Millardet the 

□ntain n great quRntitj' of acicukr crraUvlit of a 

; matter, for which lit) proposee the nfune of lolancnihuie. It \i 

witer, solublcin alcohol at a high temperature, but readilj Boluble 

fcide of csrboD, cbloroform, and benzole. It is blenched by 

^to light, poBsessea no fluoreecenae, but exhibitaTery oliaractwetic 

M in the Bpectrum, namely : — Two bands in the greeu, coinciding 

bd r, a band between F and G, and on obacurity near O. In 

ld«t*8 opinion Eolanorubine is formed directly from the colouring 

'.cllofophyll. 

ff/y o/Seeds. — Professor Ernst, of CoracHS, writing in a late number 

^JDuricflD Naturnlist,'' statea that a curiodacuaaofTilalityi? afforded 

17 common weed, ahepherd'a-purse, which, atrange to aay, is so rare 

icns that it had not been met with in botnnical excursions corering 

1 oftwelre year^. Two years ago, iu the aoutbem part of tbe garden 

lastery, a place waa graded for the erection of a building. A 

oCsoilwaa tecnored, and a wholly fresh surface wau tbue nn- 

!pon this »pot many weeds sprang up, and among them thousands 

of Coptella Inina-paitoria, or shepherd'a-purae. Professor Ernst 

tbat ID this case, the aeeda bad remained dormant in the aoil far 

■"vm period. These cases belong to the aame class aa those men- 

. IIoil'raanD,and given in the January cumber of tbe "American 

fthe Oaaddoiipe Ittandn. — Mr. S. Wat«oa publiahesinthe" Proceed- 

American Academy of Sciences" (vol. xi.) apitperontbissubject, 

> concludes that thialittledoraasa wholeistobe considered apart 

.Balifomia, as distinct from the flora of Slexico. It may be inferred 

any great eitent derived from Califomift by any 

and selection, but tbat it is rather indigenous 

locality. Moreover, while it would indicate a connection nt 

l4 between tbe island aJid the main-land to the north, yet the 

' chameler of the peculiar species favour the opinion that they are 

naut of a flora similar to that of California, which once extended 

Btioa considerably to the aouihwnrd of what ia now the limit of 

gpoD tbe mnin-lnnd. And, finally, the presence of ao many South 

^rpea auggesta the conjecture that this, and the similar element 

icteiiics the flora of Galifomia, may be due to some other con- 

reen these distant regions than any which now e.xiats, and even 

peculiarities of the western floras of both continents had a com- 

it, an ancient flora which preruled over a wide, now submerged 

'whoeecharactiT they are the partial e.iponenta. 

'9 Dramngi of Eng^h Fiaigi. — We learn from the "Journal of 

hat the Hev, M. J. Berkeley has presented to the Department of 

tbe British Museum, James Sowerby's original drawings for the 

Fungi," published in 1797-1809, consisting in all of 530. The 



Mnteum already pnasessed the clny iiiodck made by Saxnrby doring At j 
progress of the wnrlt, u well fi« the origianl drawing fnr the pi 
"English Botany," in which it will be rBmemboreil the Fungi were not ht- 
eluded. Mr. Berkeley's (rift, therpfore. very usefully comploles th« geriea of 
Criginal illustrations of British plants in the Museum. 

Age and leafing of Trets. — M. A. de Onndolle has an article in thi 
"Archives dea Sciences," which is thus abstracted in the "Acndeiny. 
He first quotes the replies to queries on the subject from Prof. DMaiani 
of Paris, and Prof. Caruel, of Pisa, who had both made ohservationi 
requett. From their observations it would seem tlint Sf^e had nothing to do' 
with the date of the leafing of trees, or that the differences ohservable w«k 
rimply individual pcciiUantics. In some casps the old and youn^ trees of 
the same specioaburattheirbiidaot the same time, while in others the oldei;. 
in DthcTS the younger, developed their leaves first But the most vaJnablt 
and original material fur anbrding some light on this subject wns " ■ MiriM 
of observations made upon two trees of the same height above the gromai 
during 6ft)--seven and siity-eigbt years respectively." These obaerratiMU 
were made upon two horee-cliestnut trees at Geneva, and are rogardedl)^ 
the learned author as perfectly imstworthy. The aterago dale of Iha letF- 
ing of the one longest under observation is 91'0 days after Jnnimry I, and of 
the other 03-01 days. Dividing the whole term into si,t, foiir,nr twoperiodi 
of equal duration, the iiverage dates exhibit no essential progn.«aimi or ntn> 
gresMon. But it is worthy of remark that during the third pe«od of •ewn* 
teen years, 1842-SB, the average is 3-5 days later than during thi* fomft 
period, 185i)-73. Observations on a grnp^-vine, by Messrs. Macleod aid 
Lanezweert at Ostend, from 184S to 1^75, indicate n gradual forwaidingtf 
the date of leafing. Thus, during the finit period of sixteen yeara tlie avenp 
date was 106 days later than the average of the succeeding seventeen JMH 
But Ue Candotle thinks this may be due to diminished vigour or prmrilV 
and other artificial conditions. In a word, the age of a healthy tree exoeiM 
no appreciable influence. 



CHEMISTRY. 

AHifidal Cohurhig uf Wint. — The adulteration of wine sepms to k » 
growing evil in France, and, of course, after the addition cf water, poni»- 
tiling is required to rcatore the rich colour of the clarets and burpiiml!*' 
Fuchiine appears to be the fovourile substance for thi* purpose, aud Freoi-ti 
chemists are constantly bringing forward processes for iis detection in viin'^ 
It is just possible that a knowledge of how to proceed in such case? iriiy 
not be altogether useless even in England. The following are tw<i '>'* '"' 
simplest processes. M. Ijiniatliua recommends that 100 grammes tifih - 
pected wine should be mixed with IS grammes of coarsely powdered pi ^'\:'^ 

of manganese, shaken for about a quarter of an hour, and flllered, iili 

both the wine and the peroxide of maugauese are pure, the filtmtc «■'! l- 
oolourlesB. But should the peroxide of manganese contain iron, wiulIj •■' 
indicated by the yellowish colour of the filtrate, any fuolisin* thai iriii; \>i 

went will combine with the iron, and remain, us un insoluble comwiuDd, 
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the filter nmst in Ibia caso be Ireated with 

lol, which will diaiolva the fiicbsine, whilst tbe naturnl colourbg 
mntti-r of the wiue reaiAiDB insoluble. M. Bidebt's mi^lhoil is ilill more 
■iiuplc. Hv places k little bnll nf guo-calton in a test-tube with some of the 
irine to be examined, shakes the whole stmngly fnt a short lime, and 
carefully washes the cotton in severat waters; if the wine he pure, tbe 
cotton becoinea white agmn, but tbe lint given to it by artiRrinl colornnts 
per»i*(«. Tbe ootusl subatanee emplojed may (tenenJly be recogniied by 
the addition to the coloured cotton of n few drops of nnimonin. The 
onlonr is discharged when fizchnne has been used, rendered vioitt when the 
edouring matter is orchil, and greenish when it is elder juice. 

Atomic Weight of Selenium, — By an inrestigation of numcroua selenium 
eompuiinds, MM. Pettersfon & Ekmnn have endeavoured to asoertsin the 
precise atomic weight. Aa n mean oF seven direct analyses, they obtained 
lh# number 70-01, I!y reducing gelenous acid by sulphurous acid, and cot- 
Wling and drying the precipitate, the number 7B08 was obtained as tbe 
neon nf tire detenuinations, and this tbey believe to be very nearly corrects 
(IV^rlin Chemical Society, Sept 1S76.) 

nt/tical Pntpertie* of GalliHiii.^M. Boiebaudran has prepared n small 

funtity of nearly pure gallinm, and finds that its melting point is about 

a^P C. ( ■= 8.5-1° F.). 40 that it is fused by the heat of the hand. 'Whea 

eoec liquefied, it esfaibits tbe phenomenon of surfusinn in a very remaihahlft 

niRnner, remuuing liquid for more than a month as a globule capable of 

h' I'l^- divided and reunited by the blade of a knife, iu a room of which the 

■iipuraturo ofteu fell below the freesiiog-point. By contacl with a piece of 

i:! gdllium, it was immediately soliditied. It crystallines readily, only 

uliiea at tbe surface when henled to redness, and does not volatiliie. It 

T*ily ii about 47, so that in this, as in some other respects, it stands b&- 

'■('■a aluminium nnd indium. (" Joum. de I'hys.," Sept 1870.) 

L'f/mii Carbon Iiio.iide in Mineral CiiPi'tiet, — On healing a microscopic 

I •■ii« uf (juarts containing fluid cavities only to a moderate temperature, Mr. 

liirtlay was surprised to find that the liquid, previously perfectly visible 

""irx the miLTowoi*, hud disappeared. On cooling, the liquid re-appeared, 

•rr-impanied by a sort of flickering movement within the cavity. E^tperi- 

'HU 00 fluid cavities in various minerals made by Brewster in 183S^ 

<»pd that the liquids all disappeared below 88° F., that their expansion 

(iveen 50' and 80° F. wa* 32 times that of water, and their index of- 

■ 'rsclion I-JMOin topaz and 1-2100 in omethysL From these results 

' minlcr, and later, Sorby and Butler, concluded that the liquid must be 

-W}a dioxide. The author sought carefully to determine the critical point 

1 Uk- liquid, which he did by immersing the slide id wn(er of known tem- 

f'^nituie, rt-'mocing, wiping hastily, and einmining. As a result, it appeared 

iliat the critical point lay between 307t)° and 31° C, that point for pure 

tsrbou dioxide having been fiied by Andrews at 30-02" C. In further cof- 

I'lborutinn of this view is the fact tUfit wben water was also pre-sent in the 

jumc cavity, tbe other liquid floated on it ; the density of caibou diodds 

l^ins 083 at 0° 0. and 0-0 at 30° CI. Moreover, Geissler has shown the 

prrsenCB of this gas in quartz by its spectrum in a vacuum tube in which tbe 

quikrtx won broken. In e.xplnnntiou of the formation of these fluid cavities, 
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the nutlior supp osea tlie ailicn in hot solution to lisve come in c-mUct wltli 
limestone under preaaure, aelting frw carbon Jio^itI^^, TrhicU ixHug 
in tha ctTslal ctvidei along; with water would nn cnoling condenaa to 
liquid. — ('-J. Chem. Soc./'sxi*, 137.) 

VolatUitij of the AOutKne Eartks. — A pnper was wcentlj rem! before thi 
Chomicnl Soeielj by Professor J. W. Mallet on tbo nlioTe subject. ~ 
author hAS nKertnined hj n series of C4iivfull; made experiments Ibal 
lime, baryta, nr strontia heated in contnct with nietftllic hlumimuin lo ■ 
Teiy high temperature in n carbon crucible, sulTfrs an appreciable loi» 
weight, in eoniu instances lu the extent of nioie than 3 per cent, indicflUog 
that the alkaline earth mubt have been partly reduced and the inelal volati- 
lised. This supposition ia canlirmed by the observaticii of the Bnme rf tha 
cniboQ monoxide which U given olf, the characteristic lines of thi^ " 
being distinctly visible when it is exanuni^ nitb the spectroscopo. 




GEOLOGY AND I'AL^UNTOLOOY, 

Suhmiiriiie UphcavitUn Grrcce. — )1. J. de Cigalla writea from Col 
FrenuU Academy of Sciences, describing n curious upheaval ofM 
bottom whicb has occurred in the little bay or port of Kaiw 
(lulf of Artn, In November 1847 and Fobruwj IflOJi, nftursomell 
enrthqun1<e,n very dense sulphurous vapour issued from the battom of S 
thin killed great nuotbers of fishes and other marine aniuinla, and renden 
the fea milky iia fur as Previsa. These sulphurous emaneUona still contii 
Mpi^ciuUy when tho wind is in the south, but they are not sufficient In 
cause any destruelion of animals. Previous to 1847 the spot from wMcb 
the emanations proceeded had n depth of 8 fathoms sccordiug to Ihaehait^ 
but in the spring of the present year Lieut. Miaulis, of the Greek Ntvyi 
found that tbebotloni bud risi^n in the form of a cone, having a ctrcodb 
feronce of about !)00 fathoma, and with its apex only 2 fathoms 4 fad 
below the surface of the sen. No increase of temperatuia was perceptibU <> 
the sea, but objects suok at this part, and left for a time, are said to beooiiM 
encrusted with sulphur, 

Ttra Nrjv Sniuh yormnlioia. — There are certain things ibnt demud 
courage, nnd one of them is the establishment of ti new Brillsh geolcfidl 
formation. Neverlbele?^ Sir, Ilicka has ventured to iatrodute 
divisions among those ancient rooks of the St David's promontory, of wWd 
be ha) successfully constituted himself the hiatoriau. The rocks iT 
honoured form the central ridge of the promontory, and were focmeHlyT^ 
gardud as consstiug of intrusive syenites and felstones ; but, according U 
Mr. Ilicks, this ridge ia entirely composed of altered sedimentary mckf of 
earlier date than imy Cambrian deposits, the conghimeratcs at tha btsa if 
the latt-T being chiefly made up of pebbles of these rocks. In the ridf* 
Mr. Uicks has recognized two distinct and perfectly unconformable seriM 
The older of these, occupying tlie centre of the ridge, consists of qiuutiiW 
d altered shales and limestones, baa a N.W. and S.E. strike, and dips >l 
jr series, composed of altered shales, and having 



at iU ham a oongloment^ of pebbles from the older rock, haa h Btiike nearly 

at light angles to tbut of the lutter, upon both flaoks of which it re^ta. 

Mr. Hicks haa indicated certain poinla of resemblanco between these pre- 

Canibii&n rocks and the LnurenliaD of Canada, the Malvern Rocks, and 

othen also of pre-Cambrian age in Scotland and elsewhere ; but he thinks 

h the safest course to abatMn for the present ftom attompting any definite 

eormladoit of thein, and theiefore proposes [to distingui^ the two Kerieo 

bf BAmes referring to the localities in which they occur, cnlliog the r>lder 

racks Dimetian, from the Iiatin name of the district of St. Darid'a, and the 

□Bwor ones Pebidian, after the district of Pebidiog, in which they are very 

cfaaracteristically shown. The exposure of the Dimetian series loads liim 

to ascribe to those rocks a thickness of at least 15,000 feet; the Pebidians 

are npparently of considerably less thickness, but they are in most pHits 

more or less concealed by the Camhrian dt^posits which overlie them un- 

coaformahly. A great tuau of the Febidian|n)ckB is exposed to the north- 

«c8t of St. David's, forming a band tunning nearly parallel to Rsmney 

!^und ; and at the south-western extremity of Ramsey Island they tbnn a 

b>!d hill about 400 feet high, on the east side of which a. fault, with a down- 

ihrow of at least 14,000 feet, has brought the Arenig beds into immediate 

rantact with the pre-Oambrian rocks. (" Proc. Oeol. Soc.," Nov. 22, 187(1.) 

Americim Fterodaett/kt. — I'rol'essor Marsh has recognised the fact thai nil 

the known IHeratmiria, or flying lizards of North America, which have 

litherlo occurred only in the Upper Cretaceous deposits of Kansas, and are 

Kffltrkable for their large size, some of them having an expanse of wing 

rf not lei8 than 35 feet, are distinguished from their Old World relatives 

bj an entire abcence of teeth in both jaw?. This is the more interesting, ns 

in these very deposits that Professor Miirsh has discovered the remains 

which violate all the zoological proprieties by poesesEing true t«etb 

ted in the jaws. Of these Plerodnctjles, for which Professor Marsh 

(BtabHshed the new order Pteranodonlia, at least six distinct species, 

been recognized, five belonging to the genus Ptcriuiodon, which 

Other characters, presents the peculiarity of having the scapula 

■Ob-ossified with the coracoid, and having an oblique articular face at 

end; and one to his now genus Nyciufnuru), in which the above 

B are wanting. The type of the new genua was previously de- 

by Professor Marsh nnder the name of Pteranodmx yracilu. It 

lo have been a middle-uzed animal, measuring from eight to ten feet 

■xpanded wings. (Silliman'a " American Journal," Dec. 1670.) 

Ai^triran Taiiary Ufammnli. — The continuation of Professor Motsh'a 

^'■•'•rches upon the remiuns of Mammalia from the Eocene deposits of the 

^^IJwkj-Mountain rsf^on has revealed a new genus of equine mamnialB. 

^^^■tf to Oruh^ypiu, but of an earlier and less specialized type, apparently in 

^^^^■net ancestral line, for which be proposes the name ot Eohipput. It is 

^^^HhgvUhed by having the last premolar above and below similar to the 

^^^ftpwmolar in front of it, and not like the first true molar as in OroMppin. 

Tl« Jentnl formula is the same in both. As in Orobippiif the fore-foot hiw 

''■■■!, and the hind-foot three digits ; but there is in additiaa a rudiment of 

Us outer, or fifth metatarsal. Two species are noticed, namely Eohipfmi 

from New Mexico, and J?, pemtr from Wyoming. 
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The lop of the aknll had m 
L AaaAtr totm, httoagiay to tlM pecoliarif Amaricn 
Mda TUIndoBtM, H deacnbcd ta Aj^AmIm muMt, and appean to bM 
bcHB aliMit die nie of • tapn. Tlui m fiDa New Maxieo. (" Silli 
Jouinl,'' Sot. Ig7&» 

^ Hfv jJuKniw CVtMMl. — " SQliaiaa'a Jooraal " &i Julj state* tliat 
BMif ih» mnjr i n t awMiu g fiMaib recently noAni from the West b^ tli« 
Tifa CoUag* Uoaeniii, i» a Bav CrinoU frots tbe crebceous of the Uintk 
IbwBtriu aad of Kinwi No Criaoida from the Amciricsii iretsceoaa hsTt 
Ulhcrto been deacribad, and (br Ui« duoarei7 of thia Bpeciee we I 
iadahted to Profetaor 0. C. Manh, who has done lo much to bring to li^l 
the geobgical treaaiuM of tb«> WeM. The Crincnd in qaeBtion helong* to 
the ipvap Ajtjlidfe, or free Crmcuda, aad, as suggeited bj Profsssot Mahb 
in hia e*rlieat paper on the Qeologr of the Uinta MountMoe, u allied to tlia 
ireniu MariupiUt of Miller. From that geniu. howeveT, it dUTera widely in 
th* number and uranpiement of its plate^ in having apparently ten anut 
and in other chankcters ; and it in possible that an examinntian of addition^ 
material may ahow it to b« the type of an entirely oew group. Tbia ftknt^ 
hnwcTer, cannot at present be determined. The Bpeciei is named CToit** 

Origin of the Dotomita of the TynJ. — An important easay on the abora 
lubject baa been written by Di*. Dblter and Homea. It contains a hU 
review of the litemtiire of the subject, with a diacuMiou of the Tsa 
theotiei which hare been proposed to eiplain the existence of the gi 
•tmta of dolomite. The results of an extended chemical examinntjon of tbt 
dolomite* of the l^rol bj Dr. Diilter are given, embradng a considenl 
number of analyses. The authors come to the following condusioiw, a 
firming in part the resutta of some earlier authors : — (I). A Urgennmbcf flf ' 
exteusire Ftrntii nf Itmeetone, weakly dolomitic, have been deposited in 
diately through thu instrumeDtAli^ of organic life in the ocean. (?)■ E 
minor occnrrenrea of nominl dolomite nre due to subsequent metamorphosii, 
through the introduction of carbonate of mBgneaia. (3). The larger partof 
the dolomites, wbelber more or less rich inmngDeeia,have been formed frOBK 
the lime necretions of see nntmals through the action of the magn^a H 
contained in the scA-nater f especially chloride of mugneiium), SubseqiMDl 
local dilTorences have lieen brought about through circulating wstBn>, d' 
Mlvixif 0ut awl cosceatiatiiift the mi^esia U difietent ^inta. ^ 
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METEOROLOGY. 



MICEOSCOPY. 



I Saildimet. — Futlier S«cc1ii commuiiicAted to the French Academy I 
^OT. S7) an nccaunt of a remarkable haiUtorm 
ita. Tbc cloud from which it proceeded 'was I 
■stoDishiiig nipiditT, and divided the sky into two nearl}' equal pait«, from I 
N.W. Id S.E,, udTancing and unfoldiag itself like im immenae ball of wool ] 
at cotton. The firat dro^s of rain were of extraordinary »ize, at least a cubic I 
G«iittineter. The hailstoQea, which soon followed, weighed from 40 to 6' 
gnmmes, and were compoiied of groups of eryatals arranged round a sma] 
irregular maxa of ice, having almofit the appearance of groups of quaiti- j 
eijstals, mostly with four or five and eix faces terminated by a pyramid. 
Some masses obtained at Marino weighed as much as 300 grauiuiva. 

klonu ill JVlieiU'druw. — It will probablj be remembered by moat of oi 
■ that when our Mends Martiu Cbuzzlewit the younger, and his 
Dton Slack Tapley, located themgehes iii the highly salubrious city of 
they made the acquaintance of a certain enlightened citixen, Mr. 
bal Choliop, whose opinion of the gentluoiEui who sold them their 
■Uotnent was eipreEsed in the words "Scodder is a smart man." It would 
I *gf** ^^■^ ^^^ breed of " smart men " is not yet extinct in the United 
^iBlea, and ibat in the opinion of the Editor of the " Americnn Journal of 
"il ■roscopy,'' and of the Botanical Editor of SiUiman's " .\mericnn Journal," 
: lessor r. B. Wilson, of Wnshingtou College, Baltimore, is a very 
iuin man." The article on the presence of diatoms in wheat-straw, a 
;;Le of which appeared in the October umnber uf this Review, eeema to 
^ I.' been rather hastily inserted, and on its coming under the notice of the 
■tnuical Editor he wrote "pronouncing the alleged facta intrinsically absurd," 
:' fUtcd his beliefthattheautbor of the article had "honestly but ignorantly 
i.itu" into a mistake, a charitable view which be has since seen occasion to 
-t, The editor of the " American Journal of Microscopy " is far more plain- 
\'i'tL!:a. lie says: "A single glance at the engraving," of the forms of dia- 
iSM found in Col. Kunkel's straw, " is sufficient to couvince any microscopist 
I'i't Piofessor P. B. Wilson never saw 'upon the field of his microscope,' under 
-be (iictioigtancea which he has described, the objects which he has deline- 
1 "M.'' In support of this statement he addoces two cases as foltowa; — "Buaring 
u mind,'' he says, ■■ that these onanisms, as figured, have been obtained by 
"•tnyiog the- organic matter with nitric acid, we tind ISacUturia figured as 
'oista only in the living condition, the frustules being joined together in 
« peculiar way which has given to thia form the specific name fiaradoxa .'.'.' 
I 'Wtbis diatom to have passed through a bath of nitric acid, and come out 
I "lllie condition figured, would have been almost as great a miracle as the 
FUaag of Shadrach, Meshech and Absdnego unscathed through the liery 
'^"Ko of Nebuchadnezzar. So, too, we find a co/cartwu fornminifer 
uci under the same uicumstances I Verily, this u such h 



iiot'fidlen to the lot ' of oidtnarir roicrosoapiats to behold, either in twenlj 
or in four timss twenty years." For tlie signification of the«o miracnloM 
circuiufitaDcea wb are rafened to the following passage in Piotmar 
Wilaon's paper:— "Tho result of these investigations shows tLo aetxmtj 
of finely divided silica in the soil, so minute as to be vnpitble of pumng 
with tiicility through the aap ceUs; secondly, that idmple or compound 
nlicates are useless as fertilixiug agents, eillier Datural or Artificially jm-' 
pared," which, as interpreted by his criti<^ meaoa " If you teanl to raui', 
good cropa, hnij oarjiiielif ilimdcd tSiea." 

The i^ttiattizoii of Atnphitiina, — These hnve been exainiaed by Dr. 0. 
JohnstoD, who hai oontributed ti paper on the subject to the " Ucmtlily ' 
MicroscopicBlJouvuftl " (August, 1870). He says tliat " several matten of 
intereat were observed — the structure of the spermatic particles, the dimen- 
aioQS of tlieir parte, and the length of the filaments. The total length of 
uAuh spermatozoon was ,\ of an inch. It beglue at the moderately acat< 
point of an elosgitud conical head jjj of an inch iu length by ^J^^ of to g 
inch in thickness ; behind which the body, alightlj more attenuate, endol | 
almost into the vsgue. The ' head ' presented a amnll curve ; but the body 
lay straight at times, or else threw itsi'lf into serpentine fiexuodties. A 
Tulles' recent ,'g immersion objective, with that mulier's J-inel] ocular, dip 
played many new points. The head, highly refractive and firmer iban Ibt 
uthtT part, appeared to consist of a lamina of homogeneous subst&nce bcnl 
along its axis, the two tumid edges of which met on the ventral iidti 
Anteriorly these edges were suddenly bevelled away, aud were lost by con- 
tinuity in a delicate filament ending in a faint sweUiug. Posteriorly llu 
edges conlriieted at the junction with the body, but were seen to be ooo- 
tinuous with two cords which had the same relation as their originals in ^ 
head. They lay close together, and from them sprang the dorsal arch, tSmg 
the ridge of which the propelling membrane was attached. This delictti 
film extended like a rulHe from the posterior extremity of the head as firn 
the caudal point; the main part was, however, invisible, but not satin 
margin, which was bordered with a thickened hem. In a dry preparatioa 
tho spermato^ioids and their details were somewhat deformed, distorted, and 
spreiul out ; still the characteristics of Amphiuma'a seminal particlm woe 
very manifest when studied with a fine objective. Thua the edges of lb 
cephiJic folds and the somatic cords aasumed a beaded appeai'ancc, U ^ 
nlno the collapsed arch-fold of the back along its margin. Yet the eye ml 
not satisfied with the dried potential male elements, and rcvertod wttJi CM* 
tiaually renewed pleasure to the moving xooids.'' 



MINElLVLgtiV. 

Ifvie ytmaditim MuieraU. — Professor Itoscoe Las lately deiicribed (" Vt<>^ 
Itoy. Soc"). a new mineral containing Tanodium, under the name of .tM" 
ramiU, iu allusion to one of the localities 6om which it has been obtallM^ 
!t£ums a crystalline incrustation not more thnn ^ to ^ inch iu thidot'^ 
"y much thinner, coating Hcuper sandstone. Occasionally it o 
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inute Telvety block crystals, appearing yullow by trHnamitted light It 
o met with couipncl, opiiqiie, and purplish brown, Its liutte is reainoiis ; 
tta atfeftk yellow ; U.*>;j; sp. gr. GSiU. The anuIyGis letida to Ihe formulA 
(PbCu),Vn,Os + 2H,(PbCujO„ in thi* respect anuloguiw to erinlte and 
dihydrite. 

ProfeaBor Roscoe hua also made an examinotior of lioacoelitfi (se 
Sd. Rer." Oct. 1870, p. 431), and liia aoalyws knda him to ascribe to ifcfl 
({uitti a diA'erent constitution I'rom that given by Or. Geulh, 



Br puvsics. 

Law of Refrarlion. — Profesaor Foster, nt a recent meeting of the Physical 
Sode^, exbibittid and desciibed an inalriunent for illustraliag the law of 
refmction. It is founded on the well-kuown method of determining the 
dinectiiiu of the rny after refraction, by means of two circled described from 
the point of incidence aa a centre, the ratio of whoae radii id the index of 
re&actioD, If the incident ray be projected to meet the inner circle, and 
tbrougb the point of intersection a vertical line be drawn, the line drawn 
from tbe point of incidence to the point where thia meets the outer circle is 
the direcdoD after refraction. Thia principle is applied in makiiig a seU- 
adJustlDg apparatus as fallows: — A rod representiiig the incident itiy is 
piroted at the point of incidence, and projects to a paint about four inches 
biryond. To its extremity is attached a vertical rod, which elides through ft m 
mil in another rod, also pivoted at the point of incidence. The lower e: 
Irvmity of the vertical rod is attached to a linli, so fixed as to constrain it I 
to remiun vettica!. By tliia means the two rods always represent respeo I 
IJTrly tbe inddent and retracted rays, and the index of refraction en 
varied b; altering the position of the nut through which tbe vertical rod! 
a the rod to which it is attached. 



P11Y.SI0L0GY. 
r Centres in t/u- Cortex Cercfifi.— IIM. Eulenburg and LaadoiB I 

alblatt fur die mod. Wiss.," April 1871!) have, according ti 
kdemy," diacovered that the destruction of certain limited portions of !j 
(ticftl substance in one hemisphere is followed by relaxation of thsf 
"imhs on the opposite side of the body. This vaao-niotor I 
rise of temperiiture amounting in some caaea to 5°-"" " 
■a to li'-S" C. only, and iastiug from oiie day to eeverul weeks. 
a of the same portions of the cortex by induced currents is followed 
^t and trauaient deprea^on of temperature in tbe oppositu extremi' 
H'S' to '6° C). The associated musculo-tuotor disturbances showed that 
■ thormicorvaso-iuator centres are situated in dose proximity to the J 
ending motor centres of the limbs. A auccesaful attempt wa« uiada J 
Bbrentiate the vasu-motor centre of the lore fiom that of tbe hind leg 
IT was found to lie a little to the front and (o the outer side of the 1 
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, A Paipaliu ftam Sem Zealand. — In tli« " Anokle of Xntonl Biitixj * 
for Xoramber, Ci^it. Hntton deacnbes a ^eoei of the cniioaa (nnua of 
tetmaliul vonn«, estkbOahed hj Luudowne GnU^ng for » Wect Lidiut 
•pedM onder the uma of J^r^almt. Othei aFcdu har« b«ea fband ia 
CUli and at the Cape of Goad Hope, and hence Capt. HaUoo beltetM Aui 
gmna to be a lelic of the £uuia of that Antarctic CoDUDeiit wliick, be 
thinlo, ttziiited doriii;; the Uppet Juraiac and Lower Cretaceous penoda. 
ItachaiBCten ate*er; aDgolar, appanutlycombiiuDg the pecnliaritieiofthe 
Mfnopoda and the Annelida ; it hosasoft bodjrand lioged legs and anteiune, 
but in internal atracture it most nearly approaches the Annelida. The New 
/•ealand cpedea {FenpaCtu Sorte-ZealaRdiet) is eaid to b« hermaphnxQte, 
which the others are noL Beepindon is effected bj tischcK which oontun 
irreguW fibres. Capt. Button describes the New Zealand epetiea as Uiiag 
Among decayed wood, under atones, and creviced of rock. It ia noctunul 
and predaceouB, and secures its prey, sometimes at all eveDls. by shooting 
out IrDin the oral papillrc a riacid flnid, by Which flies and other insects ara 
fastened down. It moves slowly with the body much eiteuded and tba 
aalunne constantly moving about as feelers. The reproduction is vivipanma, 
luid seems to go on all the year round, although ihe animals ar« half loopid 

Oigantk CW/^A.— Professor Verrill 1," American Joumol," Sept 1876), 
atatcs th&ttbo organ described by him as theodontophoreof the ^ivtA Arehi- 
taithit from Newfoundland, is merely a apecialiied portion of the lining of 
the mouth or pharynx, covered with sharp chitinous teeth and grani^ea, 
and that its original position is doubtful. The true odoniophote is aboot 
three ucbes long md half an inch vnde in its broadest part ; the teeth m 
in seven rows, amber-coloured, and tike those of Loliffo and Omtiuutrtphea in 
form. Professor Verrill also records the discovery, by Mr. Dall, of gigantic 
Ceph&lopods on the coast of Alaska. The specimens observed were thrown 
up on the beach, and the largest was fourteen feet in total length, bat ovm 
tbttn the extremities of the tenlaculnr arms were wanting. The length of 
the body to the root of the arms was 10:^ inches, the arms measured from 
30 to 40 inches, the slender pordon of the tentacular nrme was 61 bchea in 
length, the width across the fins was 42 inches, and the diameter of the 
body lt5 inches. From the chntacters of the animals, imd especially from that 
of the few remaining auckent, (he species ia regarded at probably a true 
OinmaitrqtAa, and it hna been Appropriate ly named by Mr. Uall 
0. rubialug. 

A Carpvl Eiitvr. — The beetles of the genua Anthrenut kk well-knovn 
duslroyurH of furs, akina, and similar articles, in fact one of them n'oa named 
by LinnEDUs AMhrennt mutworam, on account of the ravages committed hj 
its larvffi in natural history collectiont!. An Americim epedeu, Anihraau 
Upidun, Lcconte, hitherto known as an inhahilaut of the AVestvra ^tatos, 
aeema to have a special predilection for carpets, nnd has advanced eastwarila 
•□ rapidly aa to have now attained central New York, where, according (« a 
notice in the "American Journnl of Microscopy," it Is known as the "Cali- 
IbmiF- ~ -tUoth." 



u FiA-pararite. — TTnder the nnme of Taphrobia pilchardi, ProfeMor 
alia deacribea* a carioiu paraaile obtained b; him fiom a pilchard 
broufclit to the fisb-mnrlcet at Nic«. It is n ciiutncean, eTidently nefirlj' !«• 
Uted to Leniceonema, but deatituta of tbe loDg neck cbnracterislJc ol' thnt 
genas, tije apecies of which hnve been found on Clupeoid flshea on our 
ci)a«t«, tbe long neck and borned-head of Leitiaxaiema being represented in 
tbe new paraaite by a sort of sucker, supported on a short neck, and placed 
on the lower surface of the body, nC alwnt one-third of its length from the 
Anterior end. The body is nearly cylindrical in form, rather more than half 
an inch long, slightly narrowed and rounded off in front, and divided into 
three small lobes behind; from beneath these lobes spring a pair of strwgbt 
ejfg-tubes, about two inches iu length, and resembling in general character 
those of Lrruceoneina. The skin of the body is leathery, white and opaque, 
and tbe whole of the body, except the apical lobes, ia buried in a sort of 
gallery in the side of the lisb, in such a position that the anterior eitremity 
with its aucking cup reaches the gilla, from which tbe parasite apparently 
draws ila nourishment, Tbe two long egg-tubes, apringing from the binder 
extremity of the animal float freely in tbe water at tbe side of Ihe fisb. 
Tbe resemblance of the parasite to Lernaonema is bo close that it may be 
worth while for such of our readers as reside where pilchards are cau^rht ti> 
watch for the occurrence upon them of the charactetiBtic filnmentoua egg- 
tubes, so as to obtain confirmation of this curious form, which the describer 
ngards, with some reason, as resembling at once tbe Ijernsana and 
Peltogaaters. 

Entomology d la Mark rrcain.— The following wonderful description is 
from the " Lacrosse Democrat." It is in some parts graphic and forcible, 
but, on tbe whole, perhaps the stilFest acientitic language would be quite as 
intelligible. The writer bad been engaged in a reconnoiasance of parts of 
Southern Minnesota and Southern lown to ascertain how far the prospects 
for nest yenr's crops were affected by the graashoppera which have been for 
yanra aucb a pest to the Western farmeiB. The eggs, be found had been 
laid in abundance, and be remarks that aa " tbe process by which grass- 
hoppers depoMt their e^s may be interesting to those who have never been 
out Wmt to grow up with the country," he will kindly " impart the infor- 
mation that has coat »o much labour and research." And this is bow h<> 
does it. " The eggs,"" he says. '' are found about an inch below tbe aurface 
of the ground. The eggs are laid by the female hopper. When she feels 
BB though she wanted to lighten her burden she stands upon bet narrative 
like a dog, and begins to dig a bole with her north end, She works 
patiently until she has a hole in the ground about tbe size of o lead pendl, 
an inch or ao deep. Tbe hole is so near tbe subsequent end of the hopper 
that should you take her by the nape of the neck to pull her out of the hole, 
ibe would break in the middle before she would let go. After the bole is 
all ready the grasshopper spits on her bands and lays down her burden, 
wbich consists of material for a sack, which contains from thirty to seTenty- 
flve eggs. She covers up tbe hole and comea out loiikiog as if she had been 
runtlmmgb a clothes wringer, and with an appetite that would shame a free 
lunch fiend, and she attacks anything that the be 'grasshopper has left in 

• " Atti 8oc. Itiil. Sci. NaU," August 1870. 
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neiglibotu'hoad to eat," In his deMMiptioti of the adolMcenoe of tite jmng 
(rrSBshopper the writer rnther gire» the rein to bis imagiUfttion. He m^: 
"AfteT a few hours fnoling around on the ground, tbeTounggnisahopperKet* 
on a hush or a stalk, hangs on fay hia feet, and hU wings b^ii to nufold, 
and in ten minutes he ia read; t(i tij, when he gaea up tn tbo nir, winki at 
the farmer with one eye, and goes to harreslinp', without money nnd without 
price." A. Tolume of " Episodes of Insect-lifo " in this liighly popular itjle 
would probnbly bo a conaiderable snoceBa, 

TTie Zoolui/y of the Catpiau 'Swi. — The zoology of the Caapioa H«k has 
recently been studied by Mr. Oacnr Orinim, with important rosullo. He baa 
found in this great snlt lake 120 animal species, and state; tliat the 
whole number eiistin)r there must exceed l-iO species. His discOTeriM 
include 6 new spedes uf fish (a Oahiia and five BmthopMIt), 20 Bpedee of 
molluslcE, iJiiuoa dimidiata, Hydrohia fotpia, H, spirit, S. »l.agna&i irith 
two varieties, Eulima conut, AWf wir lilurala, Lithoifiyphia aupina, Bj/Mma 
Eickwaldi, I'lmtnfhu Etp/itoaldi, ep. n., Cardium edtite and ror. rudioma, C 
ca^um, C. crmtum, C. trigonoidrt, Adiicna vUrea, A. ednUula. A. plieala, 
A. laviuKida, Drmaena pali/morpha, D. ran/iia, D. rottriformi', and som* 
other terrestrial and fluviatila moUusea), a Bryoioan (Smrvrbankia dtrna 
Farre, in which the colonial nerrous system may be admirably seen), and 
about 35 species of Crustacea, among which we find the family Ofuniiiarids 
in particular represented by colossal forms and Idothea tntomim in consider* 
able quantitiea. Then there are 20 species of worms (SabrUtdrs ncfocirrato), 
numerous Turbellaria, two Sponges {Jleniera Jtava^ sp. n., or perhapa a 
Tariety of R. alba, O. Sclun., and another Jtenitra in the larval state), and, 
lastly, 13 Protozoa, among which are new species. 

EftnayktMe Sti-udwe of Vounff Fi*/ieii.—V>r. Giinther, of the Bri&fa 
Museum, has recently discovered that the young of the sword-fisbea and 
Chatoilans are in structure exceedingly different from tbo adults. In tha 
young Chatodm\ the front uf the body ia shielded with large bony pbilaa, 
in one species produced into three long, equidistant borna, which diveiye 
ray-like from the body. In the awotd-fiahea the scapular arch is prolonged 
into a bom at the lower part, and the ventral fins are wanting. There i« BO 
sword, but the jaws are long, of equal length, and both 8i« fmnished wid 
teeth. As the tish grows, the scapular bom dianppcara, the ventral flns 
grow, and the upper jaw is developed in excess of the lower. The long 
teeth disappear, and the upper jaw (rrows into the toothlesa, sword-liln 
weapon which giTes the fish ita peculiar character. 

Chatigr' of Skin in Mmopoma. — Mr. A. K. Grote has observed the ebsngt 
of akin in that curious North American Batrachian, Meno/mnM oBtgkt- 
ninue. The wide mouth of the animal was opened several tiineB to its IbUest 
stretch, by whichmeaiisthe skin was parted on the lips and then I'oUed batA- 
ward over the head. The whole cuticle v/as previously sepamted trom the 
nurface of the body, forming a sort of transparent vm], and the Matapomt 
soon withdrew its front legs tconi their old sUn by a serius of jerUiif 
moments. Then the animal moving forward, the whole pellicle waa twvpt 
back by the r«8is(auce of the water until it was folded againat the bind lep. 
The ^mo^nia then turned sharply round, and, taking the skin in iUmoBlti 
>vcr the bind legs and tJuL The aldn was held iu the nOBth 
d finally swaltowed. ('' Sillituan'a Journal," Dec- 1S76.) _ 
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EVIDENCES OF THE AGE OF ICE. 
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SLY II few years iifjn it. was looked upon as iia article of 
fiiitli amoug geolojijists that the whole globe was once in 
a moltm, incandescent state, and that the conditions of tem- 
peratiiri' now prevailing on the surface of the earth bad been 
]iniduotiJ in process of time by the slow and gradual cooling of 
'lir'once fiL-wd and glowing mass. But whatever maybe the 
'i:iknown heat of the deeper strata, that of the siu^'awe results 
■ k'ly from the great, source of heat, the centre of iittraction of 
tiiu- planetary system — the sun. 

The r*ciUations between heat and cold that we experience 
froro day to night, and from amnmer to winter, all depend on 
til'- UiWM (if abwirptiou and radiation of heat given off by the 
-iin lo thi? wirth, or radiated by the earth into stellar space. 

If the earth were a globe of perfect regularity, prefienting on 
ii^ Kiirfiice no contmcit of land and Hea, pLiteaus and plains, 
tnaw and verdure, a nearly equable distribution of climat«fi would 
t- ejrtablished over its whole extent, iind one could exactly 
« the degrees of heat by those of latitude. 
t mich we know is not the case. Every place has its own 
Such variations depend on the elevation of the land 
• the dea; the position of a place, whether inland or on 
tiie coast; the direction and height of its mountain chainij; the 
■ \tent of its Ibrest:!, wivannahs, and cultivat«d hinds; on the 
H.Ji|th of itM valleys, the abundance of its rivers, the outline of 
it^ coast ; on marine ciurents, prevalent winds, cliindfi, rain, 
fijgs, &c. ; these varied causes constitute, together with the lati- 
tude, what is called " the climate of a country." ' 

Undoubtedly the most important climatal phenomenon is 
^^ttiai of temperature, for to heat we probably owe all the move- 
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eiirth become nverheated, and these put in muticm the vliolgl 
system of atmospheric currentfl; these too give to the windal 
tJie moisture destined (o l^e dispersed as clouds, tind to fall again 1 
on the earth as snow and rain. 

The impulse to all these movements of air and water is given 
by the Pirn's rays ; and on this luminous body all the life of oar 
planet depends. To the facts, then, that the earth is so uneven 
in its surface configuration, that its land and water are so veiy 
irregularly distributed, and that it receives an unetpml share of 
Kolar heat varying with the seasons and the latitudes, we owe: 
that infinite variety of climate by which it is characterized. 

One country near the polar circle receives more warmth tJian 
does another situated at a less distance from the tropics; one 
region of the temperate zone is hot in comparL^on with certain 
spaces in the equatorial zone. And in each place the temperst- 
ture continually varies and oscillates imder the action of winds, 
currents, and all the other agencies which affeot climate ; and 
when indicated liy lines on the siu^ace of the eaith, an inex- 
tricable network is formed, of which we can only recognize the . 
principal traits. 

Fifty years ago Humboldt first conceived the idea of uniting 
by lines all those parts of the earth's surface having the same 
annual average temperature. # 

These imaginary lines traced on the circumference of t3)e 
globe are called isothermal lines ; they give the thermal latitude^ 
which differs widely from the geometrical latitude- 
While the lines of degrees traced every 69^ miles apart are 
parallel to the equator and perfectly regular, the isotbermals no 
contorted into numerous and often sharp ciu-ves over all paiK 
of the earth. 

The thermal equator (or the ciuve of tlie greatest average 
heat, on each side of which the temperature gradually deoreeaes 
towards the poles), lies almost entirely in the northern hemi- 
sphere, wliich is wanner than the southern. 

The district of greatest heat lies between 10° and 60" £. 
longitude, and between 1 5° and 30° N. latitude ; that is to aaj, 
it is the area to the east and west of the Red Sea, and embracinjf ' 
the greater part of that narrow gulf, and also that of Persia. 

The district of greatest cold lies between 120° and 140° B. 
longitude, and between 60° and 80° N. latitude, along the course 
of the ri\'er Lena, the principal river of Siberia, covered iluring 
many months of the year by snow and ice ; within the frozmi 
mud and ice-cliffs at whose mouth have been found the entire 
carcasses of the mammoth and the woolly rhinoceros. 
i I All these sinuosities of the isothermal lines over Uie earth's' 
sor&ee are caused by similar isolated areas of a higher or lower 
^emperature, which deflect them in a greater or less degree fioB 
^Hfaaight course. 
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J'Thiis Id the southern liemisphere, where the contineni^ are 
'^minished gradually towards the south, and where the moderat- 
ing intliience of the ocean tends to eliminate all climatic difier- 
t-iices, the lines of equal annual temperature seem to be pretty 
regular, and in the Antarctic Ocean they may be considered 
parallel to the degrees of latitude. The most marked curves 
of these southern isothermals are developed immediately Ia) the 
west of Africa and the west of South America, where the in- 
fluence of the currents of cold water flowing towards the equator 
from the Antarctic Ocean is most visibly demonstrable. 

In the northeni hemisphere the sinuosities of the isothermal 
lines are much more marked than in the southern, smd cut 
ihe degrees of latitude at all anglea. One of the highest of 
ilie:* isothermal waves is that which rises in latitude 45° N., 
off the coiist of Halifax, Nova Scotia, passes to the south of 
N<-wfoundland, ascends in a north-easterly direction past the 
lith-east coast of Iceland, attaining its summit about latitude 
■ j' N. ; it then bends down to Drontheim, Stockholm, and 
AUiHCOW, falling again nearly to latitude 45° N. in Central Asia. 
But whatever may be the sinuosities of the lines of equal 
twnperature, they all indicate a more or less rapid decrease of 
best between the equator and the two polar zones. 

In the interior of continents, the chief mollifications of cli- 
nude are produced by moimtain ranges and winds : on coasts 
and islands the climate depends on ocean currents and winds. 

Happily for England, we enjoy here what is called an " insular 

climate." There are special reasons why the climate of the 

British Isles is so much milder than that of any other place in 

* e iame latitude, and we may with advantage consider these 

]ptl<Mial circumstances before proceeding further. Take, for 

iple, two parallels of latitude at the present day. Off Little 

! Isle, in the month of Jidy 1864, Mr. J. ¥. Campbell • 

I leeords the temperature of the air at 48°, water 40° (wind south 

I rten the temperature was taken), and icebergs in sight, Mr. 

L Campbell passed bergs 400 tY. deep and 200 t):. long, and many 

"" n of (&r larger size, some being 150 ft. above the water. 

B Isle is in the same latitude as London. 

1 1831, Mr. Kedfield states that the harbour of St. John's, 

foundland, was completely blocked by ice so late as the 

Hith of June. Thisi is 2° fiutlier south than the port of 

iiverpool, and yet one never heard of the port of Liverpool 

Ifring blocked by ice, even in Januaij ! Again, t!ie limit of 

LDastantly frozen ground which extends to the soutliern bordej 

I Hudson's Bay ( where ice ia found in digging wells in summer, 

-: .1 depth of 4 ft. t)eIow the mirface) is in the same latitude 

^r • In his " Short Americiia Tramp," p. 60. 
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as London. \aim, on tne tiesolate and frozen coast uf 
Labrador, is in the same latitude as Dublin ; yet tbe former baa 
only a mean temperature of 28°, whilst Dublin lias a mean 
temperature of 49°, or nearly double the warmth of Nairn, 
The cause of this great disparity in the relative lemperatiui* 
of places lying in the same parallels of latitude is to be found 
in the prevalence of certain winds and oceanic currents, which , 
cause the isothermal line to bend northwards so many degre«» 
in passing from west to east. 

The ocean-current in which we are especially interested is 
that mighty stream which issues from the Gulf of Mexico, 
flows in a north-easterly course across the Atlantic, and ia oom- 
monly known as the " Gulf-Stream." 

Since 1 842, when the energetic Captain Maiuy, of the Dnited 
States Navy, first drew the attention of the American Govern- 
ment to the importance of preparing " wind and current 
charts," the Gulf-Stream has not want«d observers and Iil»- 
torians. This remarkable oceanic current is about 25 miles in 
breadth off Cape Morida, and it increases to 127 miles off 
Sandy Hook, whilst its depth diminishes from 1,000 to 200 R. 
and under as it proceeds northwards. From the American 
Coast and from the banks of Newfoundland it is deflected 
acrosa the Atlantic, reaching the Azores in about 78 days, after 
flowing nearly 3,000 miles, Oiy own islands enjoy a portion ol 
its warmtli ; and even Spitalx?rgen, in latitude 79° north, fieels 
its inrtuence, and before its warm breath the glaciers are stopped 
abruptly in their descent to the sea. 

Mr. CroU has estimated the total (juantity of water conveyed 
by the Gulf-Stream to be equal to tliat of a current of water 
50 miles broad and 1,000 ft. in depth, flowing at the rat« of 
4 miles an hour, with a mean temperature of 6o°. Before its 
retiuTi from its northern journey, he concludes it lias cooled 
down at least 25°. Each cubic foot of water, therefore, has 
carried fram the tropics upwards of 1,500 units of heat, or 
1,158,000 foot-pounds.* Principal J. D. Forbes has calcidatwi 
that the quantity of heat thrown into the Atlantic Ocean by 
the Gulf-Stream on a winter's day would be sufficient to raise 
the temperature of the air which rests on France and Great 
Britain from the freezing point to summer heat. 

At the very time the Gulf-Streara is rushing in greatest 
volume through the Straits of Florida, and hastening to the 
north, a cold counter-current is descending from Baffin's Bay 

* According to the above eslimnlo of the the nnd velocity of tbo atTMHh I 
8,676/380.000,000 cubic feet of water nn convyyed evL-ry hour hj tlie OnB- I 
StKain, or 13.1,816,-320,000,000 cubic ff-et ppr dny. Thn cnlcuUUnns ot | 
Kfi^oba Henchel and Captuu Maury amke the luiiQimt still grealur. 
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J Davie Straits to tlie south with aimost equal velocity. Tliis 
xturreut Sows inehore on tlie North American seaboard, and also 
1>eDeath the Gulf-Stream, Ijut does not mingle with its waters. 

The (iulf-Stream iw, of course, only one of many oceanic 
turrents, but to us it has a pre-eminent degree of interest. It 
brings us genial showers, Iwme by the south-westerly winds, 
from the surface of its warm and steaming waters. It carries 
the temperature of summer even in the depths of winter as far 
north as the Great Banks of Newfoundland, and there main- 
tains it in the midst of the severest frosts. It is the presence 
of this warm water ami a cold atmosphere iu justaposition 
which gives rise to the " silver-fogs " of Newfoundland, one of 
the most beautiful phenomena to lie seen anywhere in the 
domains of the Frost King. Every west wind that blows 
crosc«s this stream on its way to Europe, and carries with it a 
portion of this heat to temper the inclemency of the northern 
winter. It is the influence of this stream upon the climate 
lliat makes Erin the " Emerald Isle," that clothes the 
sliares of Albion in evergreen robes, and encourages the myrtle 
and magnolia to flourish at Mount Edgcomhe in the open air 
all the year ; it carries West Indian seeds to the Scottish 
iileu, wafts the floating pteropod-shells to the latitude of Ice- 
land, and renders the fauna of .Spitzbergen riclier than that of 
as; other Arctic realm. 

But all earthly advantages ure tra.nsient, and not even the 
liiilf-Stream can be expected to be always so partial to iis as it 
to-day. Indeed, geologists are aware that formerly, owing 
-p the Huh§idence of that narrow belt of land, the Isthmus of 
r.LDama, at one time, and probably by the subsidence of the 
'Haaiasippi Valley at another, the Gulf-Stream has more than 

lice been diverted from our coasts, imd oiu' islands were, as far 
.: ■■ they were al»ve water, glaciated even as the coasts of Labra- 
dor are at the present day. 

Let us briefly consider the evidences on which geologists 
have relied in ivriting this latest chapter in the geological his- 
I'lry of our ialand. These evidences ai-e moat abundant and 

uried ; some of them, indeed, lie close to our own doors, and 
may easily be utudiwl and esanuned. I allude to the great 
.--. ries of deposits known to geologists as " glacial deposits," and 
which have rei'idted either from the action of glaciers or ice- 
bergs^ or some modification of them. These may be classified 
as follows : — 
I.— 1. Itoches nioutonnees. , 11.— 1, Erratjo blodiB, 

2. Striated rock-aurlacea. U. * Kftmes,' ' eslieri),' and ssaiy 

3. llouldei-clny uid 'till.' giBTellj' diift, 

^4. Moiainea of valley glaciera, . 7. tjtratifiud days witli arctic 
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In some instances these can be divided into — 

I. Those due to glaciers and coast^ice, wliibt the land 
greatly elevated {1 to 4). 

II. Those due to the i^ea and iceberge whilst tbo land was 
greatly depressed (5, 6). 

But many of them are bo altered and reconstructed tliat it ia 
exceedingly difficult to attribute them to one or other of these 
divisions. What evidences, then, have we to-day? 

"The general surface of a great part of the British Islands," 
says Mr. James G-eikie, " excluding the centre and soutb of Eng- 
land, has a. smoothed contour, which is now generally recognized 
as the work of land-ice. 

" Hills, valleys, and knolls of rock have been ground down 
and have received that characteristic Bowing outline wliich ice 
alone, of all natural agencies, can produce (rockea iiimitonnies). 
WTien, moreover, we strip off the superficial cover of detritus 
and examine the surface of rock underneath, we find it covered 
witli the well-known grooving and striation such as are met with 
by the side of every modem glacier in the Alps. 

" These markings are not disposed at random, but run in more 
or less parallel lines. And when we examine them over tlie 




II. SlIuriuD rookfi ; b, lill, Hbon-ing nnatigvineDt of irt< 

rock ; e, fn'arel in a hulluu- under tlic till. The airuir iiiau'aTCB loe tunamm 
in wbidi the till has trnrelUd. 

length and breadth of the country, we discover that they pdnt 
away outwards in every direction from the main masses of liig'Ii 
groiuid, indicating that the ice which produced them covered 
the land in a deep continuous sheets like that of Greenland, atui 
that it moved outward and downward from the high grouiids I* 
the sea. Po vast was the mass of ice that it swept over con- 
siderable hills, smoothing and striating their sides and summits."' 
To this period Profeiisor Ramsay refers the general erosion » 
the present lake-ljasins of Britain. 

* Oelkie, " Great Ice Age." 



I Another feature of the siufaoe-geology of the country dates 
rotn the game period — the widely -distributed boulder-clay, or 
" till." This deposit is not at all likely to be confounded with 
any other. It consists of a mass of unstratified vlay, with blocks 
and boulders of stone stuck into it promiscuously, the whole 
seeming to be the residt of an irregular " pell-mell " carrying 
forward and deposition of the materials (see figs. 1 and 2). 

Tlie colour and general composition of the mass may vary 
according to the nature of the rocks from wliich it has been 
derived. Thus, in a region of dark Carbonifei-ous shales the boul- 
der clay is leaden, grey, or black ; in one of Old Red, or Triassic 
sandstones, it is red. In the Chalk country it is quite full of 
bite of chalk, and ia hence called the "chalky l)oulder clay." 

The stones iu the clay range in size from mere grains of iiand 
Qp to masses a yard or more in length. Wltere\er tlic- i-ock of 
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which they consist has been of a kind to receive and retain sur- 
face markings, the stones are found to be covered with ruts and 
striae, which riui for the most part in the direction of the long 
axis of each stone. 

There can hardly be any doubt that these markings have been 
produced under a sheet of land-ice similar to that, which covers 
the whole interior of Greenland at the present day. 

This great inland ice-sheet, that at places ad\ances to the 
coast and thrusts the snoutB of its glaciers into the sea itself, 
(giving rise to enormous icel»ergB, covers the entirir continent of 
Greenland save a few dozen miles at most of coastline, which 
remain free. It forms on its seaward face precipitous clifiFs of 
ice about 200 feet high, covered with a thin layer of earth and 
stones, but rises at first rapidly, afterwards more slowly, to a 
height of several thousand feet. During Professor Norden- 
skiold's expedition to Greenland in 1870, he made an excursion 
upon this inland ice-sheet with one companion, Dr. Berggen, 

■ We are indebted for the loan of this block to the Council of the 
Geological Society. 
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and two Greenlanders.* Tliey penetrated thirty miles >!^^^| 
interior in four days, attainiujf an altitude of 2,300 feet^HBV 
the level of the sea. 

No moraine-matter was observed on the surtace of the ice ; 
but everywhere, under the influence of the sun's rays, this im- 
mense ice-field was in motion internally, and large rivers and 
lakes on its surface descended through the ice in roaring tor- 
rents, by "swallow-holes'* 2,000 feet deep, to join the streams 
which flowed beneath, 

The ice-aheet which some geologisttt believe to have been 
once co-eitensive with oui' island, covering it from its sea-level to 
the highest peak of its loftiest mountains in Wales or Scotland, 
was, it is assumed, only a repetition of the present state of 
Greenland, or, on a larger scale, of what one may see taking 
place to-day on the Alps and the Himalayas and other moun- 
tain ranges, whose heads are covered by perennial snows. For 
the process of reduction of temperature takes place in a cor- 
responding ratio, whether we sail to the North Pole with the 
Alert ajid Discovery, ox with Pi-ofessor Tyndall scale the heights 
of the Matterhom or Monte Bosa. 

If, then, temperature decreases with altitude above tb© 
level, an elevation of our island would produce the same e 
upon it as if we could transport it bodily to the latitude of 
Greenland! 

It is well to keep these &cts clearly before the mind, because^ 
among the numerous explanations offered by our leading _ 
gists, this question of the relative elevation- above the sea-leret 
has not had that prominence given to it in the discussion whicli 
it deserves. The results ot altitude have in fact been confounded 
with those of latitude. 

The stones that occur in the boulder-clay spread 
many counties in England differ widely in character ; andt 
from a study of these, it is possible to determine the direction 
in which the ice-sheet moved, and the centres of di^persioii 
whence the boulders were derived. 

Wherever the surface of the rock is of sufficient hardness it 
is everywhere polished, rounded, and striated in a precisely 
similar manner to what is seeai to be taking place in valleys oo- 
cupied by glaciers at the present day ; whilst the Iwnlder-clay in 
the finely comminuted particles worn down to powder, like the 
grains of wheat inU) flour, by the glacial millstone, and poured 
out in a tiuhid stream, or pushed along as a great rampart of 
stones ami rubbish forming the terminal moraine, as we BBC it 
at the font of the Mer de Glace, above Chamoimii;, or, at 

* The I !reenland«rB turned bacli after two dn^B, but Nordeagk 
bia conip'UiioD pushed en two d&y»' journey fiirlhcr. 



a^ in Greenland, pitsbed into the fea iUtii^ fur in Tjinra attire 
tbis deposit is iissociat«d witli fngmtats of marine t^tiell?. 

Where this is tbe case, tbe finer particles hare I-een carried 
away and re-assorted by sea^urrent^ and mixed »>*itli inariDr 
iirganisms, as in tbe Clyde glacial '>ed> ; tbe sl>ells iadimting 
arctic conditions. 

During one period of tbe glacial epoch m: faad a gre»t de- 
pTeeaion of tbe land ; to such an extent, indeed, that these 
glacial deposits, associated with marine shells identical with 
gpecies now existing, Iiave been found in Cheshire up to a height 
of 1,200 feet. On Mocl Trjiiuu, near tbe Menai Straits, fifty- 
sc\en species of shells of marine moUusca have been obtained (all 
indicative of a colder climate than that of our present sea ) at a 
height of 1 ,300 feet alwve the sea. 

It was at this period, no doubt, that icebergs and floes of ice 
btden with boulders and other foreign material were tran^rt«d 
&om the western and northern highlands and dropped their 
bnrdens, on melting, over and about where I^ndon now stands, 
especially in the neighbourhood of Finchley and iluswell Hill, 
where vast niunbers of erratic blocks have been ol^^ned, and 
numl>ers of transported fossilit have been collected by the late 
Mr. N. T. Wetberell, F.G.S., and other geolc^ists. 

VarioiiB theoriesn have been brought forward in explanation of 
ill- glacial epoch. Among these that of Mr. Jumps Gull, F.R.S., 
t the Scottish Bninch of the Geological Survey (aL=o adopted 
T the main by 5Ir. James Geikie, K.H.S.), has been hirgely 
ihocjitetl. It is based on the calculation that at certain im- 

• puiI periods, owing to the eccentricity of our earth's orbit 
:iri..und the sun, the earth is occasionally somewhat further riis- 
liiut from tbe sun than at the present time (98,500,000 miles, 
instead of as at present, 90,500,000 ; or, to be exact, 8,641,876 
miles more distant). The last occasion Jilr. Crollputsat 200,000 
J ears ago. 

The other cosmical cauce advocated by Mr. Croll is the flight 
variation in the polar obliquity of oiir earth, which v-aries 
through long periods between 23^" and 24^°. 

When the earth, from these two causts combined, became 
subject to a slight variation in its two hemispheicH, which would 
give ti) one 7J diiys more of the sim's presence in one tropic 
tlian tlic fithei" now enjoys, then Mr. Croll concludes the ice on 
ihe mun- favoiu^Hl pole would melt, and that on the less fevoiued 
would increase ; and this cause alternating, would give rise at 
long intervals to alternate glacial epochs in each hemisphere, 
aocompauied by displacements of the earth's centre of gntvity, 
and a rising of the waters of the sea combined with an increase 
of ioe at the pole.* 

* See Mr. Croll'e paper oi 



Mr. James Geikie, in his book on " The Great lee Age," 
actually makes two glaciul epocbs nith ao interglacial perii>i] 
between them, into which period he introduces — Ut, a milder cold 
temperate climate, with the mammoth, the woolly-coated rhi- 
noceros for denizens of our forestj, and tho great l>ear dwelling 
in our caves, the winters still severe. 2nd, a warmer subtropical 
climate, with the retreat of the arctic mammalia northwards, 
and the ad\'a«ce trom the south of the hijtpopotamus, the cave- 
lion, the hjBena, and iKilKolithic man, evidenced by the nwlr 
flint implements foimd in valley gravels. 

Then followed another cold period, before which the southern 
mammalia disappe.ired, and were again succeeded by arctir 
animals. Even these, however, migrated southward, leaving the 
land to be again overspread with ice and snow. 

Mr. Geikie admits that there were not imfrequent shiftings 
in the distribution of land and sea, but these do not seem to 
h m to liave been the chief causes of these climatal chaDgie!!. 
After this second cold period, Mr, Geikie next introduces the 
submergence of the British Islands to 2,000 feet ; gives it a 
final refrigeration, in which period the drifts and angular erratic 
blocks were scattered o\er the South of England, and over North 
Germany and fiitseia, and the Swiss glaciers were augmented. 
Then Britain for the last time — 

Arose from out the azure main, 

to be again re-tbroBted ami re-peopled, this time by the moose- 
deer and the carilMio nr reindeer, the arctic fox, the lemming, 
and the marmot ; and Neolithic man became the denizen of' 
our cave.-i and woods, and made pictures of the animals he therv 
saw and hunted. 

The only considerable change which Mr. Geikie proposes to 
intiYfduce at this period is the Beverance of our feland &om (Jie 
continent, and the complete insulation of Britain. 

I hope it may be possible to simplify this chapter of our 
Glacial epocli, and here I am glad to say I have the high 
authority of Professor Nordeuskiold, who has visited both Spitz- 
bergen and Greenland more than once, that from the e\-idenoe 
of fossils obtained in a succession of beds in arctic latitudes, h« 
is led to the conclusion that there has not Ijeen in past geo- 
logical times a periodical alternation of warm and cold cUiEistK 
on the surface of the earth. 

In Eocene Tertiary times sub-tropical conditions prevailed in 
the latitudes of London and Paris, and both plants and animak 
betokened a temperature at least as high as tliat of Nortll 
Africa. 

ut period, through Miocene and Pliocene fonnatUHU, 
L to trace a gmdual lowering of the temperature of 
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r L^lnndj* by the more tempente «tib«ntic and an 

r of their feunas, and what tnco icnsto of their flooc alaa 

Th«n oiime the Glacial pesiod, fint taitialed pe t hi y Uf the 
diversion of the Gidf-Stnaia, caond I7 the tmlmU mn of die 
IsthmuK of Pananut, or moie piotxUy hf the ofeaia g vpol m 
eouroe for its wuteiv up tlie great oeotnl TiUey cf Nofth 
America, down which the Miariarippi river now flows, and wfaich, 
save a narrow strip between lAke Saperior and Badmm't 
Bay, LI nowhere more than 800 feet above the level of the aea ; 
this, if lowered, would give a direct eomne far the Gnl^StRam 
up to the north-we^ coa»t of Greenland and to Sontfaa Scpond* 

Afterwaids, by the ele\-:atioc of the land ooljr 600 feet, tldl 
Liland woiiid >je united to the continent on the ene hand, and 
to Ireland on the other: whiL-t ita ihote* weald exteod out- 
wards to the margin of the plateau of Ireland, ■ereaty mile* to 
the west, and from beyond the .Sbetlands in the norlh lo ntar 
the north-west of Spain in the south. 

Probably the elevation was far greater, for th« Brituili Idea 
have .1 powerful line of volcanic dktorhnnce running down about 
the meridian of 6° west longitude, which in the wertem Higb- 
land^j and the north of Ireland was acti^v down to an exceed- 
ingly late geological period (Miocene). 

if it be necessary to call in extia-mutKlane cai»e^ |'> explain 
the great increase of ice at thia glacial peririd, I would prefer 
the theory propounded by Dr. Kobert Hooke, in 1688 ; ^inoe \iy 
Sir Ricliard Phillips and othere ; and kirtly by Mr. Thomas Belt, 
C.E., F".G.S. ; namely, a slight increai^ in the present oUiiputy 
of the ecliptic — a proposal in perfect accord with other known 
astronomical facts, and the introduction of which invohei) no 
disturbance of that harmony which is essential to our coemical 
condition as a unit in the great solar syrtem." 

Such an increase in the obliquity of our earth's axis would 
result in an increase of ice, not at one pole at a time, a." pro- 
posed by Mr Croll, but at both poles simultaneously ; a condition 
which accords with the fact that with our present obliquity we 
have ice at both poles now ; the larger supply at the ant^lic 
being pTU«ly caused by the fact that in the southern hemisphere 
we have a polar continent surrounded by a clrcumpolar ocean 
(6g. 4), whereas in the arctic we liave a polar sea surrounded 
by circumpolar laud (fig. 3). 

* In Jupiter the azia is miarly perpendicular to llie pUae of its orbit. In 
Sfttamibe obliquity a 2t)°. la Mar& it is 30^°^ in Venus it reaches the 
BXtreme of lb", »i IhM its tropic; nctuBllj ovBrlap iu arctic dicle, tind there 
•re nu temperate zones. The ennb hm bd inclination ot 23^". It is esti- 
Butad that its nxia may btTe been inclined us much ta 3fi^° during the 
glacial period. 



The oceiin is the great evaporating dish, the continent thu 
condenser ; hence the larger glaciers of the sotithern pole, where 
the ice-wall of the land ice, which in Greenland stops some 
miles inland, here comes down into the sea iteolf (PI. IH.), 
ploughing up the sea l»ed, and spreading nut its terminal moraine 
in the ocean. 

What length of time has elapsed since the Ulacial epoch 
occurred we cannot pretend to say ; Mr. Belt estimates the date 
to have been 20,0(K) years since, Mr. Croll 200,000 years ago. 
We may therefore, I think, ref;t content with the geological 
evidences of a modification of the climate afforded by the re- 




mains of glaciers and icebergs and the zoolc^cal evidence of a 
former change in the distribution of the mammalia telling tt* 
same story. 

1 Ijelieve the musk-sheep and the mammoth were Iwth pr^ 
and post-glacial animals, and t)mt the mammoth siir\'ived till 
after the climate became milder, but that he was a scarce animal 
from that time. The miisk-sheep lives on still iu Arctic North 
America.* The sabre-toothed lion {^JUackai-rodiui) ia so rara 

* See the bctiutiful specineu lately presented to the Briti«h MoMum kf 
Ciipt. Fcildeit, the natiirnliit on bonrd U.M.S. Ditcoprty, and aon on exhi. 
'be Zoologm\ Q&tlery. 



US, as a fossil, that we may fnirly assume he bdonged 
» the earlier prsrglacial cave period, as did the panther, lion, 
lynx, hippopotamus, two apeciee of rhiooc«ros, and one variety of 
mammoth {Eb^phaa antiquvs). 

If the Esquimaux of Greenland live on the l»rdera of the ice- 
fields, and many animals flourish there also, and hirtls are mo«t 
alnmdant, it is fair to aseume that, on the retreat of the ice, man 
and unimals advanced and occupied all the fertile valley* and 
I piijsued the chase as the Lapps, F'innis Tuogusiaiii^. Samoiedes, 




.ren lurmiog the gnllioriag graund for llie grent 



American Indian!-, and Esqiiimaiix have done in our times 
further north. 

We speak of the stable land; but we must always remember 
that, whether the land is upheaved by volcjinic energy from 
beneath, or the eea-level lowered by the abstraction of water and 
the piling up of snow and ice on the cireumpolar hinds, the effect 
is tlie Bame to man as an observer. This however we know, that 
in the latest geological period — the Tertiary (both Miocene and 
Pliocene) early man may have been a witness of some of the 
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largest exliibitions of elevatory force ou our earth's surface : for in 
these later periods the great Himnlay an, Persian, Carpathian, and 
Alpine chains have been upraised, carrying high upon their 
flanks, za a part of their Btructure, beds of Niimmulitic limestone 
of Middle Eocene age 1 

If, then, the Himalajaa mth Mount Everest have been raised 
up to 29,000 feet above the sea in this recent period, our islands 
may well have oscillated a few hundreds of feet ; and trivial as 
Buch phenomena may be when compired to the elevation of the 
great backbone of the Asiatic Contiiient, nevertheless these lesaer 
changes have for us an interest which even the lofty moun- 
tain masses do not possess. Nor is it an idle question to a^k — 
" Was man present to witness thei*e modifications of our islands? " 
He may have been, judging by his implements. Certainly in 
France and Switzerland he saw and killed the musk-shecp; 
and in France he also saw the mammoth alive and pictured 
him. But the reindeer and the horse were the chief objecta of 
the chase, as their remains testify. Xor is it at all improbable 
that these nomadic cave-dwellers are represented to-day by the 
tribes of the Arctic Bealx)ard, who have retreated with the 
amelioration of the climate which compelled the reindeer to go 
further north to give place to more southern animals and 
hunters, and these in time to civih'zed man himself. 



BAL CAVITIES AND THEIR CONTENTS. 



Br W. N. HARTLEY, F.It.S.E., 

EIDfi'S COLLECB, U>Xt>OS. 



' ' rriHERE are few enmiiiies in natural ficienee more calculated 

X to awaken curiosity than those relating to the changes 
which the matter composing tlie surface of the glohe has under- 
gone. The imagination is excited by the magnitude of the 
ijperations, by the obscurity of the phenomena, and the remote- 
Ees9 oi the time at which they occurred ; and all the intel- 
lectual powers are required to be brought into activity to find 
ficts or analogies, or to institute experiments by which they 
may be referred to ' known cauces.' " 

The foregoing passage was written by Sir Humphry Davy, 
when President of the Royal Society, in the year 1822, and it 
was certainly never more fiill of truth than at the present day, 
notwithstanding the advances in physics, chemistry, and 
geology which have since been made. 

It formed the pretace to a paper on the aqueous and gaseous 
contents of the fluid-cavities of minerals. These cavities, which 
are most commonly found of large size in rock crystal, were 
relieved of their contents by boring holes in them with a dia^ 
mond, the specimens being submerged in mercury or in water. 
Wires were inserted to displace the gasea, and capillary tubes 
to draw off the liquid, much in the Bame way that vaccine 
matter is drawn off from a vesicle. The liqiud was fotmd to 
be in almost every ease either pitfe water or Morae dilute saline 
solution containing a sulphate or a chloride of sodium or potas- 
sium. The gaseous portion was nitrogen, generally in a rarefied 
condition, but having in one case a tension equal to tt^o times 
that of the atmosphere. It was undoubtedly proved that the 
brown viscid liquid in one crystal was mineral naphtha. 

Sir David Brewster, in the following year, announced the 
wvery of a remarkable liquid — or, as he then said, two liquids 
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— in the cavities of topa^ies, in rock crystal, and iu clirysrt-betylt 
He was led to the investigation by reason of the violent esplo 
sion of a topaz which he was heating in order to observe i 
change of colour. He also became acquainted with the fac 
that a Mr. Sanderson, a jeweller in Edinburgh, placed a topaz ii 
hifi mouth, upon which it exploded with great violence, thi 
fragments inBicting a wound. Under the title of " Explosivi 
Gems," a note occuis in Brewster's " \atiiral Magic " giving ai 
account of his researches. 

In the year 1 860 Mr. Alexander Bryson, of Edinburgh, faaA'inj 
made a microscopic examination of rock sections during Uu 
preWoua ton years, published a note on the formation of granite 
Fluid-cavities were noticed in many specimens, the gas-bubble 
in which disappeared when warmed on a hot stage to 35° 
( 97° F. ), and returned ou cooling to 29° (84''-2 F.), the liquid iin 
dergoingat the same time a sort of boiling movement. Thisappa 
rent ebullition had previously been noticed likewise l>y Brewster, 
Not knowing the nature of the liquid, Bryson concluded thai 
granite was crystallised from aqueous solutions at a temperatun 
not exceeding 29° C. (84°-2 F.) He remarked the same liquid ii 
hexagonal prisms of quarts;, in porphyry tVom Dun Dhu in the 
Isle of Arran, iu the schorl of Alierfeen granitf , and also in tb( 
trap tufa of the Calton Hill, the basalt of Samson's Ribs, and ii 
greenstone from the Crags in the Queen's Park, Edinburgh. 

There is a particular line of research which bears on the* 
liquids. First of all the eiperiments of the Count Cagniard dl 
la Tour, who, in the year 1822, showed the possibility of con 
verting a liquid into vapoiu*, in ijpite of any high pressure i 
may be subjected to, if only the temperature be sufScientlj 
high. The most successful experiments in sealed gtaas tube* 
were made with ether, and, when the liquid occupied evea as 
much as half the capacity of the tnhc, it ceased to be a liquid at 
a temperature of 1 50° C. (302° F.) Experiments with water simi- 
larly conducted always resulted in a disruption of the lube, most 
probably because of the solvent action of water Upon the g]aen 
at high temperatures. In order to overcome this tlifficul^ 
Cagniard dc la Tour made use of a gun-barrel, closed com- 
pletely by an accurately titling screw plug. At the upper parb 
of the tube waa placed a marble, and when the lower pad, 
containing water, had been heated to about the temperature o 
melted zinc, it was found that the marble on shaking rattleil 
when it fell against the lower end. There was nothing witJi ' 
to " break its fall," as there otherwise would have i)een if t 
tube had contained a liquid. When the tube had cooled tl» 
conditions were altered, and the water itself could be heiiK)- 
Thia remarkably ingenious and striking experiment prov<.^ the 
^■W^^hr of converting e^en water entirely into vapour dwqiitc 



t'uurmous pressure. Tbe reasoning is of course applicable J 
,ill liquids. The presence of air wad no olietacle to BUoh ] 
Liige; it only rendered the dilatatiou of the liquid more I 
jiilar, :ind the more easily observed in glass tubes up to the | 
. inent when it vanished completely. ' 

Although G^uyton de Morveau, towards the end of the lasl 
tentuiy, had liquefied ammonia gas by exposure to a temperature 
of— IS't'-C— .HM F. ), and Monge and Clonet had liquefied sul- 
phiu'ous acid, yet their results appeared so incredible that doubt 
was cast upon them, uu the supposition that the gases were not i 
sufficiently dry. Xortlimore, in 1805—6, liquefied hydrochloric 
icid, sulpbtiroiis acid, and chlonne by pressure, but in such a 
miLimer that they were not obtained in a pure state. It is, there- 
fore, to P'araday that we owe our first and most trustworthy in- 
formation on the liiiuefitction of gases. His first paper appeared , 
ia 1823, and the second more complete publication in 1844. 
In this latter, when describing the properties of liquid carbonic j 
Jcid, he says : " I am inclined to think that at about 90° F. 
Caguiard de la Tour's state comes on." In other words, he 
believed that at the temperature of 90° F. (32°'2 C.) the oar- 
i»nic acid enclosed in sealed tubes ceased to be a liquid, and ■ 
»as resolved into a vapour. ' 

^Ir. George Gore, of BirniiDgham, has examined the solvent 
(i-rs of many liquefied gases, and these are not at all such as 
■ would expect. Thus the immiscibility of carbonic acid 
I'b water, and its power of dissolving iodine with a violet 
colour like that of tbe solution made with bisulphide of carbon, 
iiare been shown. Liquefied hydrochloric acid loses the chemi- 
cal activity its aqueous solution poseesses ; for instance, it does 
not redden litmus paper, and it is quite inert in contact with a 
powerful base like caustic lime. 1 

The next point is the knowledge which Thilorier gave us 1 
concerning the properties of the liquid carbonic acid. He pre- 
pared it in large quantities and daringly sealed it up in glaus 
tubes in a state of perfect purity ; in this way he was enabled to 
ascertain its tension at different temperatures, and its rate of 
expansion. , 

Now yimraler in 1S58, offering an interpretation of Brew- 
er's observations, pointed out that the new liquid, in some I 
cases at least, was most probiibly liquefied carbonic acid. Tha 
oost remarkable physical property of this liquid of Brewster'a 
was its enormous e^cpansibility by heat, and on comparing Thilu-^ 
tier's co-efficient of ejipansion for this liquid with that which 
Brewster estimated for the expansion of the liquid in crystals, 
lie found them to be almost identical. This comparison was 
■iccomplisbed, however, in a much more satisfactory manner, in 
'869, by Messrs. Sorby and Buller, who published conjointly an 
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acooimt of theii re^arches on the ^ructure of rubies, sapphires, I 
diamonde, and other minerals. The nite of expansion of t' 
liquid contents of an unusually large cavity in a sapphire.l 
between the temperatures of 0° and 30° C. (or 32° aad 86° F.) I 
was meiisured and compared with that of liquid carbonic acid f 
as determined by Thilorier, between these two temperatures. I 
It was found to agree so closely with the aurprLsing dilata*! 
bility of carbonic acid, that tbey had no hesitation in concluding ■ 
that any diflference might be due to an error in one of the ther- 1 



I 



Mr. Sorby found that 100 volumes of the liquid in the sap* 
phire expanded to 150 volumes at 30° C. {86°-F.), to 174 
volumes at 51° C. (87°-8 F.), and to 217 volumes at 32° C. 
(89°"6 F.), Gomethiug quite unapproachable by any other 8ul> 
stance, even a gas. 

In the same year, 1869, Vogelsang and Creissler, of Bonn, 
published an account of experiments made on rock crystal, in. 
which the former observer had noticed a liquid floating upon 
water enclosed in cavities. They crushed the qiiurU under 
baryta-water and found that the latter became turbid, owing to 
the formation of carbonate of baryta, and they measured the 
rate of expansion of the liquid as nearly as the sliape of the 
cavities admitted of this being done. Their most remark- 
able experiments, however, were performed in the following 
mtnner :— Taking a small retort containing a mineral in 
fragments, it was attached to a tube commonly known as a 
Qeissler vacuum-tube. There were platinum wires sealed in at 
each end of the tube, and to one end was affixed an ordinatT' 
Sprengel pump. After a vacuum had been produced so that as 
electric spark would no longer pass across from wire to wire, 
the fragments of the mineral were heated, the mineral decrepi- 
tated, liecause the cavities exploded, and the spark paoMd 
through, because the previously vacuous space then contained 
a gas. This gas, when examined by the spectroscope, declared 
iteelf to be carbonic acid. 

To Professor Andrews, of Belfast, we are indebted for extra- 
ordinary .idditions to our knowledge of the gaseous and liqtiid 
states of matter. He has established the fact that there ia no 
gap between these two conditions ; a liquid may pafts by a gradnal 
change of properties into a gas. It expands and t»ecomes ex- 
cessively mobile; the boundary between gas and liquid is lea 
and less easily recognized, until it finally disappears. Whea tlw 
reverse change occurs, the gas becomes more and more com* 
pressible, a wavering and flickering movement is visible, a Uw 
of demarcation appears, and tliia, as the liquid contracts, Ifeoomcfl 
more and more distinct. These changes were observed in tmj 
strong glass tubes of small bore, which being filled with carboBJe 
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schI, were screwed on to a reservoir of mercury. CompreBsion 
of the gas within the tubes was accomjilished by the action of 
a screw upon the mercury ; the joints of the apparatus, being 
rendered tight by greased leather washers and cobbler's wax, were 
capable of sustaining a pressure equal to 500 atmospheres for days 
together. At no temperature above 30°*92 C. (87'''6 F.) was it 
found possible to maintain the liquid condition of carbonic acid, 
no matter what the pressure might be. This temperature is called 
by Professor Andrews the " Critical Point " of carbonic acid, and 
the condition of the substance is that mentioned by Faraduy as 
" Cagniard de la Toiu-'s state." Each gas sind liquid has a fixed 
, 4Qd definite temperature for its Critical Point, and this, in such 
1 as hydrogen, nitrogen, and oxygen, is below the reach of 




I, — B it gaJieouB curbouic ui^ii] ; b ia liquid cmbunit; ai:id ^ c is vater. TliMw 
•tt«ra oIk) apply to the EQUiUer mvitiee. 
Fig. 3. — Tha ^cinieo mirmed to 31° C. ; Ihe line of (Ismarcalioa between gai 
and Uijuid nas i]iiiippea»J, Tbo water la u'cn aadintucbed. 



any refrigerative apparatus at present known to us; hence any 
pressure we may put upon them will fail to cause liquefaction. 

Professor Andrews last summer lectured to the Fellows of 
the Chemical Society on the methods of research which are 
peculiarly his own. He completely charmed his audience by his 
easy conversational manner and by the way he took one into his 
i-oi^deuce, explaining all his difficulties and how he overcame 
them. Anything of the kind more delightful has seldom been 
heard. Every one shared bis enthusiasm. 

' Figa. 1, 2, 3, 4, 8, 9 and 10 are reproduced from tliL' ■'Journal of ilm 
OfacmicBl Society,*' by permission of the Council. 



Id 1872 the writer Iwught a section of rock crystal 
taining fluid-cavities, with the object of fiubmitting these 
to Cagniard de la Tour's oxperiment and watchin^ the effect 
under the microscope, as it was tliouglit that rock crystal 
would l>e proof against the corroding action of wat«r. " 
warming the specimen gently over a lamp, it was found 
that a ca\'ity preWoTisly seen to contain a liquid was appa- 
rently empty. Carefully watching the cavity under the micro- 
scope, the replacement of the li({iiid was noticed. Bearing in 
mind the experience of Professor Andrews, it seemed desirable 
to know at what temperature the liquid disappeared, for it was 
most probaWe that it liad attained its critical point. The sim- 
plest mode of operating appeared to consist iu immersing the 



Fm. 3. 




aitiiuF til* J 



t 48 diameters. 



I shows (he slispo of the cavilj nl its upper end when the water 
L oui into the lo»or port. Ai A is ■««□ tie faint lino iDdioOiug 
eorface of the liquid cajboaic acitl, hb tuna vben mnn. It should * ~ 
pnred vitb Fig. 1. 
Fig. 1 simpl; shoirs bow llip liquid cnn bo ilrtrcu from Uio luwcr t« Ul* 

end of the caril j, or irUe tvrid, by n hosted wire, 
TlioH) drawings are from Ibe microBcope, and Uiereforo mud l>e tunrted to §/€■ 
their true jnositioD. 

dide in water of known temperature, removing, wiping it 
hastily, placing it on the microscope fitage, and instantly 
oiamining it, A number of experimenta showed that the 
liquid disappeared at 30°-8 C. to SC-H C, and returned instantly 
at any lower lempcraturc. Here was most convincing evidence 
lliat the liquid was carbonic acid. The adjoining woodcut* 
(6g^. 1-4) will convey to the eye of the reader the general 
aspect of this cavity. 

The fact luaiuly regarded of intiiest in connection with 
" 'b sptcimen rub that the liquid never expanded hyl 
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i differs from tLat iu cavities examined I>; an^* previous 
beerver. 

' The following observation of Thiloiier explains the reason : — 
^Wben a tube oontaining liquid carbonic acid ia one-third 
I, at 0* C, it constitutes a retrograde thermometer, in which 
increaBe of temperature is shown by diminiehed volume, coose- 
qnent on the vaporization of the liquid, and 
tsice vei'Ba ; while if the tube be two-thirds ftdl, 
a normal tliermovieter of great sensitivei 
the result, the liquid expanding by heat in t Lis 
oase^ <" Ann. Chim. Phys." [2], li. 249). 

It will be seen that in the cavity the pro- 
portion of liquid to gas re^mbles that in :i 
retrograde thermometer, and furthermore the 
approach of a warro wire causes the liquid 
gradiially to diminiinb. Especially rapid in 
Ibis action as the critical point is approached, 
and at the same time the line of demarcation ^^^^^^ ,„ ^,rtx 
l)etween liquid and gas gets fainter, and it st i b" C. >■ 70 diam 
loses its cuTvatiire. (See fig. 3.) Hom e»p»iids ihe 

There was also noticed a faint flickering liquid. i.gBBeoua 
shadow in the point of the cavity when the ■^^'' ""^^f- 
liquid was about to condense. Ihis is doubt- „ij. 
less an effect corresponding to the ntriie noticed 
by Professor Andrews. The liiiuid carbonic acid was always 
found floating i>n water if tliis latter wubetanee happened to 
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'iSO diauirtiri. 

I present, and this is quite in accordance with the specific 
■avity as estimated ly Tliilorier, which at 0° C. is 0-83 and at 
■' C. is 0-(i. 



A uavity of tjuite a different description is that found in • . 
top&z (fig. 5). It contains only a trace of water, and is at 
ordinary tempemturee filled to the extent of two-tliirds its 
capacity by liquid carbonic acid. Biae of temperature ex- 
pands this liquid until it entirety fills tip the space occupied 
by gas, aftt-r which expansion the critical point is very easily 
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attained, A very curious appearance, resembling oliullition. 
follows as the gas returns to liquid, the explanation of which is as 
follows : — WJien the gas is chilled, a sort of mist forms through- 
out the space ; the individual epherulea of this mist grow so largp 
that they begin to touch each other, to coalesce, and to gravi- 
tate. They of course at the same time entangle gas, and at' 
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they descend to the lower part of the cavity the gphenilcs of 
gas (bubbles) take an opposite direction ; consequently when a 
portion of the liquid bag collected at the lower end and gas at 
the upper, there are Bbowers of liquid descending into, and 
-' ( of bubbles rising out of the liquid. In two or three 
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Mods tbe movement have ces^eiL This eboIliUoa is illiu- 
trat«d by a drawing of a cavity in anoifaer topaz, which ooDtains 
at ordinary temperatttrea about e<(u;a] voluines of water, gaaeoos 
carbonic acid, and liquid carbonic acid (6gs. 8 asd 9). A 
similar cavity us to its content^ but being exceedingly shallow, 
and having tlie bubbles within it iniich flattened, is that exist- 
ing in a tounnaline (figs. 6 and 7). The drawing, tig. 10, 
represents a carity seen in a Bpecimen of quartz ; the oonteDt« 
are imdei^oing apparent boiling. The conditions &vaiiring 
this singular mode of condensation seem to be, Gift, that the 
greater part of the carbonic acid shall be in the liquefied 
state at ordinary temperatures, bo that the liquid expands 
greatly on approaching the critical point ; secondly, that the 
cooling shall be sudden. This seeming ebullition is the 
only test which as a general rule is significant of the liquid 
having passed its critical point, for we cannot tell after the 
substance has expanded bo as to entirely fill the cavity, whether 
it be in the gaseous or the liquid state. 

KThe following table shows eeveral variatioiLs noticed in the 
itdcal point of carbonic acid existing in various minerals : — 



Topw 


I'eP C. = S^-4 F. 


Topai 


28" and 26"-5 C. = S^^ F. and 


Topa. . . . 


2r-m C. - si-s F. 


Tourmaline 


2r-27C. 




2(P-0C. 


Sapphire . . 




Sapplire . . 


b«tw«u 25°-5 Mid 2li= C. 




39=-5 c. = ai'i F. 


lEockcry*l.iI . 
Kock try St 111 




Itock crvsWl 


32°-5 C. " W-5 V. 


Rock CTjotnl 


S3"-7C. 


Rock crystal 


2!)° C. = 64°3 F, 


Rock crysUl 


«0»-96 C. 


Beryl . 


30P-02 C. - PT'-fi F. 


Rock CITSlMl 


21" C. - tXfS V. 



It ie noticeable that in the sapphires, topazes, and tourma 
lines tbe critical point is lowered a few degrees, while in one 
specimen of rock crystal the temperutiu-e is nearly 10° C. or 18°K, 
below what it should l>e. Fortunately, Professor Andrews has 
shown that the critical point undergoes such a change when traces 
of any incondensable gas are present. Carbonic acid containing 
15 per cent, by volume of nitrogen has a critical point of about 
21' C, and it is not at all unlikely that this is the gas here 
present, since Sir Humphry Davy detected it in the Huid-cavitiee 
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of qiiartz, and it frequently escapes in a pure state fri>tD mineral 
springs and fissures in the earth's cnist. 

A great number of rock sections, chiefly porphyries, granitee* 
and basalts, have been examined for liquid carbonic acid, in 
but few cases, however, with success. 

In making these observations it is necessaiy to get rid of the 
infiuence nf the mineral causing double refnicdon, by fixing a 
Nicol'e prism on to the microscope stage ; otherwise in small 
water cavities the appearances are very similar to those seen 
when two liquids are present, i>o that one may be easily deceived. 

An exceedingly useful little contrivance for applying heat to the 
specimens of crystals eont^ning fluid-cavities, consists of a glans 
tube about^ofan inch in diameter and 12 inches long; it is drawn 
out at one end io a jet of about -"j of an inch aperture, the jet 
being bent at an obtuse angle at about an inch from the point. 
To prevent the glass being softeneil and bending when heated, 
it is covered for four inches in its central part by a piece of brass 
tube, which just slides on not too easily. The straight end of 
the tube is somewhat pointed, and passes through an india-rubber 
cork fitting into a universal joint upon a stand having a sliding 
motion in the upright, so that it may be raised and lowered at j 
will. The end of the glass tube which passes through the cork 
has a piece of india-rubber tube slipped over it. 15 inches in 
length, and connected with a ball-syringe, whereby air may bo 
drawn in and discharged again. By heating the metal tube 
with a spirit-lamp or Bunsen burner, the air discharged by 
squeezing the ball-syringe will be heated, and may be directed 
on to the object while under the microscope without any dl^ 
placement. 

Mr. P. J. Butler has employed a somewhat similar apparatuSf 
but of more elaborate construction, for showing the evaporation 
and condensation of carbonic acid in some of hia large speci- 
mens. The usefulness of this little instnmient will be readily 
understood when it is mentioned that portions of liquid car- 
bonic acid, so small as not to be recognizable under a magni- 
fying power of 800 diameters, have been revealed by ita aid. 
They could not have been greater than the y^i - ^p - of an inch iiii 
diameter, and their presence was made known by the instflnta-' 
neous change in the appearance of the cavities caused by warm 
air, and then again a reverrion to their former appeanmoe by 
subsequent cooling. 

Let us consider what would be the effect of an enormoni 
pressiu-e of rock on carbonic acid heated above its critical tem- 
perature : it would be in a condition, as far as we can tell st j 
present, capable of unlimited compression, so that, taking int« | 
consideration the comparative incompresaibility of water, il i 
woidd be possible to convert it into a gaa with a greater density 
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preanire dTSSS atmoepberes, the gas has been rednced to -f^ of 
its volume (Andrews, ^ On tbe Physical P ro p ert i o of Hhttcr,' 
&o., Proc. Roy> Soc., 1875). Und«r these ctreamatancea it most 
be a gas at least as dense, if not denser than water. 

Certain specimens of rock crystal containing bubbles of car- 
bonic acid and also other gases floating on water liare be«D 
heated under mercury to such a temperature that the relatire 
deaiaities of the gas and the water were reversed, and the bnbUea 
Bnk. In one specimen this change took place at 130" t'. (302° 
?.) It is an effect caused by the espoasion of the water, and 
lie consequent coinpresBioD of the gas in the babble. 
I The diajnond, which is the densest form of carbon, han never 
) artificially prepared, and it£ probable mode of formation 
i never been satisfactorily explained. It has been supposed 
to be derived from organic matter by a proce*; of dehydro- 
geoation, the hydrogen being separated from the carbon by the 
action of moist peroxide of iron and sulphates. A view which 
is equally tenable is that carbon is separated from carbonic 
acid, in a very highly compressed conditiou, by a process of 
deoxidation, accomplished by alkaline sulphides, metallic iron, 
or protoxide of iron at moderately high temperatures, or by 
the mutual reaction of hydrocarbons and highly compressed 
carbonic acid, which would resrUt in the separation of water 
and condensed carbon. The combined actions of high tempera- 
lures and pressiues are conditions under which no chemical 
reactions have ever been mode in the laboratory. To imitate 
the supposed operations of nature is difficult, because, setting 
afide the factor time, chemical reactions in the bowels of the 
earth are reactions carried on under tremendous pressures in 
sealed tiibes of vast thickness. 




ARE THE DESMIDS AND DIATOMS 
SIMPLE CELLS? 
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NONE but those who have had long piactieal experience in 
microscopical analysis can form an adequate coocepttoD 
of the perplexing difficulties which are inherent in this kind of 
research. In ordinary investigations connected with aatnial 
history, the object to be pronounced upon may be inspected, 
handled, and tested in every possible way, by any number of per- 
sons possessed of average vision and the requisite scientific 
education, without much risk of their disagreement as to its 
visible characters. But, unfortunately, a new set of conditions 
comes into operation when the microscope has to ha consulted. To 
some extent the instrument becomes an arbiter in the matter, and 
not always a very safe one. Then, it is not merely a good eye, but 
a good objective,— not merely the requisite scientific knowledge, 
but the requisite degree of manipulative aldll, coupled with the 
careful training that alone qualifies the observer to distinguitth 
between appearances that are real and those that are spurioiu 
and dependent altogether on the methods of examination em- 
ployed — which have one and all to be secured before trustworthy 
results can be achieved ; whilst the student who happens to he 
engaged in investigating tht minute structure of the lowest 
organic forms is often confronted at the outset by the additional 
annoyance of being unable to reconcile what he actiuiUy sew 
in the microscope with what teachers and text-books have 
taught him that he ought to see. This last-named difficulty ii 
nowhere so i^trikingly manifest as in studying the structure of 
these lower forms by the light of the commonly accepted defiot- 
tion of the term " a vegetable cell." 

Now it is a singular fact that, although the cell theoiy 
undoubtedly constitutes tlie basis of all histology, and was itwlf 
originally propounded with reference to the lowest animal and 
vegetable types, when brought to bear specially on tbe% teij 
I, it not only breaks down but forces on us the condusiaD 
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the " primordial simplicity," -miath lat heea to eoastmatij 
Ferred to as constituting tbeir invmsUe cfaixtwiitie, is 
altogether imaginary. Frimordial am[dicity msf be «b i wi'iiImI 
element in the doctrine of erolatioii ; but svA ■ im tM ■ity 
does not warrant its asaiimptioD, a« if it were as alicadf 
demonstrated fact. We know that complex rital proccsKS aie 
carried on even in the lowest types of bang. But becmoB we 
Deitiier know nor are able to conceire hote tbey are earned on, 
we are not justified in taking for gnated tlat what 

even with our most refined applisDoa, to eoonA dT a 

tide of stnictureleag jelly, roust necc warily be »e 
mmple as it appears 

I propow- on the present occaaioo to ahow that the Des- 
midiacpip and Diatomaceae — well known as these two beautifiil 
gronpB of" organisms are wherever the micnwcope is employed — 
are not siich simple ftructures as they are represented to be ; and 
that in thii^ respect tht^y furnish a conspicuoun example of the 
danger of" attaching more weight to preconceived tbeoiy than to 
actual structure aw it presents it^lf when seen under sufficiently 
fevourable conditions. But before entering on the inquiry it is 
indispensable that we should start with a clear idea of the mean- 
ing which usually attaches to the term "vej^etable cell" when 

ilied to those lowest forms of plant life in which every indi- 
1 cell, although constituting an integral part either of a 
letrically grouped series, or of a mere colony, is able to 
maintain a pfrfeclly independent existence. 

According to the commonly accepted definition, as given in 
a recent standard work of reference, such a cell is " a closed sa<: 
or vesicle, composed of an orig^inmlly imperforate membrane 
formed of the substance called cellulose, this membrane enclosing 
fluid contents so long as the cell retains its vitality " ; the word 
"originally" being obviously inserted in the definition with a 
■. Lt-w to meet the cases, constantly occurring amongst the higher 
iders of plants, in which the cell wall is more or less perforate. 
\\ i> are further told that this closed sac or vesicle is of sufficient 
-trength to protect its fluid or semifluid contents ; and that it 
is formed of two <|uite distinct layers, the innermost of which 
(the "Primordial Utricle" of Mohl) is identicid in composition 
with the general protoplasmic substance of the organism; 
whereas the outer layer differs from that substance not only 
in containing no nitrogen and bi-ing closely allied in chemic^ 
composition to starch,' but also in not taking part in any of 
the vita! processes which are carried on within the structure. 



natter of fnct the diSeienco here spoken of ie not eo great 
represented, innsniuoL ue EtarcL. id Ilie 8hRp« of ih.rliinr, b found ' 
imic contents. 
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A good idea may be formed of the appearance of the Bimplcr 
kind of vegetable cell by an examination of Protococciui or 
Palmella, both of these organisms being exceedingly common 
and obtainable at almost any season of the year. In Palmdla, 
as will be seen on reference to the annexed woodcut, fig. 1, the 
cells are surrounded by an eitemally investing gelatinous layer, 
(I, of which no mention is made in the definition, owing to its 1 
being regarded as a mere occasional and supplementary appen- I 
dage. Thisview,however,appearBtome to be insufficiently estab- ' 
lished, inasmuch as there is reason to believe that it is pre« 
in the unicellular algiB generally, though often in such an ex- 
tremely attenuated state as to be invisible even with the aid of 
the highest powers of the microscope ; and the evidence of its 
existence is in these cn:>cs derived altogether from analogy and 




Tile ihn-i' B^ana a, d, nnil c. nfrotcnt gpDnmeiiii of Palmcll'i hefira illrino 
ftfler division into two, and these Ivo. ufter sabdivision into four dutincs iDC 
vidual tells. The miall letters iodiciit* tho mnio purrs in each «■■■ — 
\Uf pitornaJ Jollj-liito nmtrii; t, the "primordial nlricle" of Mohl; r, ll 
tellaloBo wall ; and ij. the coloured undgrannlar cndocbronio. It will bate 
that iho gsktinons inreeliture d<)i>-< uui participalo in llie division. 

observed phenomena in the organisms which are inesplicable « 
any other supposition than tliat some ejcternal inveKtitare in 
present. But, apart from the r|uestion of its invariable presence, 
it becomes a matter of great importance to determine whether 
the gelatinous substance continues, so long as the parent 
tiire lives, to participate in its vitality, or whether it ought to 
be regarde<l as eftete and dead.* It is so perfectly hyaline Mid 
amorphous that (he microscope fails to reveal in it the slightcet 
trace of structui-e. And yet amongst the Diatomaceie it 
Bumee such a variety of characters, and is in some instani 
endowed with such a marvellons degree of elastic and contisc-' 
tile power, during the lifetime of the parent organism, Imt n» 
longer, as to suggest the inference that it recasts decay and dis- 
integration solely through some rital bond between it and the 
cell contents. 

* The cnse is prolin^l; met b; regnrding it, in Bccordnnco wirii Dr. Bcali'a 
view, ss"ibra)edinnteriiil,"fllthauglinatia tbesenseof itobeingdeTmdafa 

low degree of vitality. 
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I Ad^aacioj; a step higher, but still confioiag myeelf to stivc- 
^ which avowedly come within the deSnition of " i^impltr 
cells," we find in Cloaterium, one of the Desmidiace^ thai at 
the period when the frond is just matured, the tavity bounded 
by the cellulose wall is completely filled with protoplasm ; aod, 
t^o long as the frond is uninjured, thU protoplasm preseatfi it^f 
in two somewhat different states; the one, which constitutes the 
true emlochivine and the bulk of the cell contents, being of an 
emerald-green colour and nunutely granular ; * the other amo^*- 
phouK, almost if not wholly devoid of colour, and conftitutiiig 
(according to mv interpretation of the appearances') a thin well- 
defined hut free layer between the true cell that surroundi^ the 
coloured endochrome and the immediate inner sur&ce of the 
cellulose or mere protective covering. It is at this point that 
my interpretation of cell structure (so far a." these lowest plaat 
ty]>eB are concerned) diverges materially from that which has been 
arrived at by other ob6er^~ers. For whilst it has been customary 
to regard the surface film of colourless protoplasm as a mem- 
brane, or ^uosi-membrane, and to assign it a position, is the 
normal condition of the organism, immediately in contact with 
the inner surface of the cellulose wall, I am now prepared to 
show that, in the Desmidiaceae, the only portion of the general 
protoplasmic substance that can with truth be said to constitute 
either a membranous or i^uosi-membranoas investing film does 
not form part and parcel of the colourless protoplasm, but of 
tJiecoloured protoplasm or endochrome, by which it i& secreted in 
the shape of a closely investing boimdary wall. And, reasoning 
on this fact as distinctly noticeable in Closleriuiii, aud other 
elongate species of the Desmidiaceffi, and on actual observation as 
re^artlfi the changes that take place from time to time within the 
M>-liinucd cell, it. seems legitimate to assume that the colourless 
protoplasm ia solely concerned in the processes of development 
that go on exteriorly to iis surface, whilst the true endochrome 
is solely concerned in the inauguration and establishment of the 
I>rocessea connected with the reproduction and multiplication 
of lie organism which take place within it. 

It is true that some writers who have given a great deal of 
close attention to thu subject, altogether deny the existence of 
any kind of investing membranous structure within the cellu- 
lose wall ; and deecnbe the portion of tlie colourless protoplasm, 
to which the name uf "primordial utricle" has been applied, 
as a " mere pelliclo produced by coagulation of the surface of 
the protoplasm, just as a ' skin ' farms over size or other similar 

* It is almut tuperfluous to observe Ih&t I abetaia horn cnlcring into uij 
dMcription of varioiu other minute portions of the ftruclurc, solelj' becaiue 
iwise connected wilL Ibe present iuquir;, 
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substances wben they dry up in the air." * But, unfortunately, 
thia explanation, although undoubtedly mora in consoQance 
with the facts as regards the colourless protoplasm, is based on 
the assumption that there is no kind of dividing film inte- 
riorly to the cellulose wall ; and, consequently, tiiat the true 
endochrome is not separated in any way from the colourless 
formative layer which is an invariable and most important con- 
stituent of tie general cell contents. 

Again, since distinct apertures are known to exist in the 
cellulose wall of the Desmid, and the siliceous covering of the 
Diatom, occurring aometimes as mere minute perforations, 
sometimes as projecting processes which are distinctly tubular, 
it ie reasonable to conclude that these channels of communica- 
tion between the exterior and the interior parts serve the pur- 
pose of bringing the protoplasmic substance into immediate 
contact with the medium in which the organisms live, and firom 
which are derived all the materials for their development and 
growth. And coupling these facts with the indisputable pre- 
sence, in a large niunher of the Desmidiaceffl and Diato- 
maceS!, of a jelly-like aecretion, altogether externally to the 
cellulose and siliceous walls of these organisms, and the diffi- 
culty of explaining how this jelly-like secretion is either pro- 
duced or kept in " working order " otherwise than through 
being in ilirect communication with the colourless formative 
layer through the intervention of the apertures in the pro- 
tective wall, it appears almost impossible to doubt that the 
guae'l-yitnlity of the gelatinous secretion (or exudation, if this 
term be preferred) is determinable only by the death of the 
parent structure. 

As the evidence furnished by Cloeterium is of a very im- 
portant kind, it is right to mention that the drawings from 
which the accompanying figures were copied were made from 
nature; that no chemical reagents were employed to render 
the true characters more pronounced, solely in order to avoid 
the risk of at the same time evoking characters that are facti- 
tious ; and that the specimen depicted at b, fig. 2, was but 
one of many similarly crushed, whilst under ol^ervation on the 
stage of the microscope, to show the relation between the cell 
wall and the several cell contents. 

Prior to the application of pressure, the frond (tig. 2, a) pnf- 
sented the following characters. Immediately within Ibe wcU- 
detined cellulose wall, a, and completely investing its ianet 
surface, was to be seen the thin stratiun of amorphous colour* 
less protoplasm, sharply divided on its inner aspect from the 
masses of brilliant green protoplasm constituting the true endo* 

• " Microf^rupliic Dictioaarj " Third Mition, p. IJ43. 



chrome. The nucleus, n. with ita nucleoluD, occupied a posi- 
tion at the central part of the frond, where the enda of the 
dark band of endochroroe,//, are seen impinging against it; 
(he usual terminal vesicle, v, being present near the apex of each 
hoTD of the cellulose crescent. The rupture of the firond took 
place (a.3 it almost invariably does) at the centre of the convex 
part ; and, at this point, its contents slowly exuded into the 
water on the slide. Simultaneously with this exudation an 




A. Aiml of (tcnteritim in nrhicli diviaitiii hHH &lrendj commeniKd — a, relluloBv 
«aU: n. muieui resiing id Ihe midst of the cotourlMB proloptaem; e, endo- 
ehromsi m, invesiins ciDmbrane of endoehromi! : a u, tshicIb* conUinJog 
Tibratjie granulea; //, "fllleU." 

6. CTOHhod frond of a Bpecimua of tbe samp ; a, celloloflp vmlt ; t, eadochromD 
now bcconie glightlf gianular: e p. globules of coloorlHbs proUiplaain ; H, 
imdeui ; I) V, ToHldes. 

entering current of water became distinguishable by the minute 
particles of foreign matter which were carried in along with it ; 
and the amorphous colourless protoplasm at once broke up into 
a number of subglobular masses {b, c p) ; the periphery of 
each of which presented just an close a resemblance to a cell- 
membmne aa tlie periphery of the sinuous, but stUl unbroken. 
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massps of coloured endochrome within the cellulose wall. Bat 
BO lou^ as retained within it, neither did the globular masses of 
protoplasm coalesce with the darker masses of endochrome, 
even when so forcibly squeezed together as to flatten each other 
to a certain extent ; nor did these two portions of the contents 
mix in the least degree with the water that had gained ingresa 
to the interior of the chamber. Up to this st^e, therefore, 
there seemed just as much re-ason for assuming that botli por- 
tions had become, as it were, instantaneously invested with a 
firm pellicle, as that one or both had, previously to the rupture 
of the cellulose wall, possessed some such investiture. But the 
moment the two portions escaped through the ruptured wall, it 
was only the colourless protoplasmic globules that still retained 
their perfectly defined outline. The endochrome mas;; whicli 
protruded showed perceptibly (by the irregularity of the freed 
margin, which could be seen .-unalgamating slowly with such 
portions of the globides as happened to be in immediate contact 
with it) the point at which its investing membrane also lad 
become ruptured. I..aatly, on the pressure being increased, 
simultaneously with the further escape of the contents not only 
did the cellulose wall become folded and puckered, but portions 
of the yet retained investing membrane of the endochrome 
could be distinctly seen within it in a simUar condition. 

It appears evident, therefore, that the colourleas protoplasm 
exist* independently of any special investing wall of its own, 
and behaves iu precisely the same way as sarcode ; whereas the 
true endochrome is encased in an imperforate membi-anous 
covering of sufficient strength to resist a considerable degree of 
pressure and distension before it yields and becomes ruptured ; 
and, being more or less granular, ia not so viscid. 

I shall now proceed to show how far the facts already adduced 
in reference to the cell formation in the Desmidiacese can be 
said to furnish a key to that which is to be met with in tiw 
most nearly allied family, namely, the Diatomaoea^. 

The structure of these organisms is undoubtedly more conb- 
pies in some respects than that of the Desmidiacese, notwith- 
standing that their general physiological characters, the manner 
in which the processes of multiplication by " binary division," 
and of reproduction by the fusion of the protoplasmic content; 
of two or four cells, the formation of a " sporangium," and the 
evolution from this body of the germs of an entirely new 
generation, are virtually identical in the two families.* 

Thus (speaking generally) we find the endochrome in botJi 

* Sra n pnper on " The Relation between tlie Decalopmeut, Reproduedaii. 
»nd M»rkiii-,*s of the THatomaeeie," hy the nothor, " Month)/ 11 
Journttl," Fub. 1877, p. 77. 
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faniilies more or less brilliantly tinteti, greeu in the one, yellow 
or greeaish -yellow in tLe other, and at times minutely and 
sparsely granular ; the colourless formative protoplasm exieting 
in a free state within the outer wall ; a centrally Bituated 
nucleus; terminal vesiclea ; chlorophyll granules, minute gra- 
nular masses, the office of which is as yet unknown ; oil glo- 
bules ; an outer perforate protecting wall ; and lastly, in a 
large number of species, an external gelatinous matrix. 

But although there is this close similarity both in structural 
and physiological characters, when we come to details some 
conspicuous pecidiarities present themaelees in the Diatomacea>, 
tV>r which there would appear to be no parallel elsewhere. First 
;nid foremost amongst these is the substitution of an inorganic 
I r an organic outer covering; that is to say, one composed of 
-:ltfi, instead of cellulose, which, in some form or other, con- 
-itutes tlie protective and sustaining wall of every other vege- 

■ .Me cell; and the composition of the siliceous covering, not 
r a single continuous piece like the cellulose covering of the 

1 ''-smidiacete, but of several, and in certain genera an indefinite 
:i!imber of, distinct pieces.* 

The twin portions of the Diatom frustule, called the "valves," 

II,', 1 presume, far too well known to require any description 

it my bands. But I must mention that, although the valves 

lonstitute twin members of the protective covering of the 

Tganism, so far as their development is concerned, they are 

' tuirely distinct from the "intermediate piece" or "connect- 

t; w>ne," which is developed sntjsequently to the completion 

itiil consolidation of the valves, and is sometimes a permanent, 

iiietimes a supplementary and deciduous portion of the struo- 

ji..-.t Hence although the general siliceous covering of the 

I ij^.tjim is undoubtedly the homologue of the cellulose covering 

■ ; the Desmid, the dual composition of the valves, coupled with 
the also dual composition of the connecting zone, the over- 
lapping pieces of which slide freely and indepi-ndently one 
witjjin the other, renders quite untenable the opinion expressed 
liy some writers, that the connecting zone is the silieified 
portion of the primordial utricle,J " left exposed when the 
1 iilves recede from each other in order to make room for the 
Hicrease" just referred to. For, admitting for the sake of 

r^niment, that the first developed or innermost of the two 
. .rlapping pieces of the connecting zone were thus formed, it 
.- obvious that when this is once consolidated the perfect 

• In " Ithnbdonema." 
t See pi«p«f "Ireadj referred to. 

I Of coiirae tba Urm a Iiere riM'I u applying to th« ■aperCuiol Isju 
contact wtlh the «'" 
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rigidity an*! impermeabililj of the material woiild be inci 
patible with the production, by the same means, of a sec- 
independent ailiceous layer altogether externally to the fimt,. 
On the other band, if we regard the valves and conneetin-; 
zones as the product of tlie colourless formative protoplasm 
which \& piesent not only within the chamber, but sends forth a 
delicate film to invest exteriorly the already «licified part« (free 
communication being, as already pointed out, aflbrded betwei^p 
the contents of the chamber and the surrounding water by 
means of the apertures in the margins of the valves, and als" 
between the plates of the connecting zones themselves), all 
difficulty vanishes, and the observed structure of the Diatom , 
frustule becomes forthwith reconcilable with the formativi? J 
faculty which has, under any view of the case, to be assumed aa I 
the agency whereby the mineral secretion is effected. As it i& I 
very difficult to make all this dear by mere description, I hav« I 
endeavoured to give a general idea of the etructure of the * 
Diatom frustule, and the relations of the valves and connecting 
xones to each other, by the subjoined diagram, fig. 3. i 
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I bustulo wbeo ilivUion ii Mkingj)liiire,iind I.he ci 
n\v buBii forniBil. 
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It has already been seen that in the Diatomaccs, as in the 
Deamidiaceie, there exists the same divisiou of the protopiasn 
iata a colourless formative portion, and one more or leas bcil- 
lianlly coloured which constitutes the true endochromc, and 
contains within its substance the laboratuiy and materials, sn to 
speak, wliieh are requisite in the processes of division and rv|)T(V- 
duction. In the just completed frond of the Diatom thp Ixue 
endoclirome occurs in two lialvest each of which is so perfrctly 
distinct in outline as to warrant the conclusion (wlien cuupltf 
with what has lieen noticed as being the case in the DAsnid) 
that it iH in like manner tnclosed by an investing wall, alUiQitj^ 
i\w extreme tenuity of this has heretofore preventwl it from brinff 
distinguished. Rut it is well to hear iu recollection that in the 



Desmid the entiiK-Iuoine of the parent cell' constitutes a con- 
tinuous mass till divisicm takes place, this being the only 
<'<'n(litioD under which the protopliismic material for the two 
n'w valves about to be formed conld be exuded from the divided 
surfaces; for, obviously, no exudation could take place were 
these surfaces already sealed by the closing in of the mera- 
t>raDoU8 investment. But whereas in the Desmid the develop- 
ment of the cellulose covering proceedo simultaneously witb the 
fxiidat ion of the ynunjjaegtnent, becomlnf; thicker and lirmpr as 




A. A fronil of « Duamid, namrlj Cf/iminvm. in ' 
eiinD!et«l, pi.pi, il"- Iwu piironl MPgnii-'n 
niiUJi ; ■».»*. tlio vm> young negmentB (leiut 
linl i.pen p>i»W!<> < ■• ^3 whiL-h tile i>sr»u(. legmeats vvre held tugellier 
like SinniMe tvin*. 
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I'. A fViMala of s Dincom. S'ldduJpkia. nbout hnlf-vny ndrnnc^i] in the pmerBs «f 
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bnAM fiinh, prreiwly win tiie Dunniid. from ilie iimh siirfdco of the itiTidul 

^H wHconlwila: i!Z,'x, (he twooonnecling inne* BlHliiiicitpart, auB williiii liiP 

^^Lfllltw, trincope fwhi'in, m Kcmmmodate them»ulreit lo lUe lucrijuiiing bulk ui' 

VVlha Mil MfitiMirH during diTiBion. 

B.1lh iWaUBH. diviaioii Wnc roiiiplntpd, koA ibe two psrri'Ct Knil cimeolidHLwI 
■ilieeoui) vhIvm, n i'. « v, ulinwii witliin til* «Ii I pcrsistont CDiiDvfUng HHirs 
wbicb hid piuiFCtwl ibem during iboT development. 

the process advances ; in the Diatom the secretion ot the silii^eotiB 
wall does not commence at all until the soft plastic protoplasm 
of which the new valve is to be fmined, has alread/ attjiined 
it* full proportions and figiu'e, This ftict admits of a reiidy 
rxplunation, ina?mTU-h as the unyielding nature of the silicroiiti 
coat, however thinly it may be dtpo^ited, wtiuld eflectually bar 
all furtlier development uf the soft parts, were thesiliccous 
df^Hisit to begin at any stage anterior to that above descrilied, 
^^See fig. 4, in which the pmciss of development of the new 



segments in the Desmid and tlie new valvco in the Piutom are 
reppeaented aa taking place). 








,r nrraiignd in two. 






A. a, fronl view of a rnlvo i>f Haoirtda, •howing tho 
li>ngitiiilina1 lamellie lUang the mnrginii cf tha Viilve; h, fninl view <if thft 

^utfuls : whrn diridiiig. tQ« undoclinimu here seen will diviile longitDiliBal^ 
nlong ita ceptra. 

B. Frout Tiew of /ru3lide of yi'eteiia. ahowiog the endochrome in (his *imr 
it conaUled of onlj two pottlona : tlin nuclruii cuDtmlty ailiiuli'l. nml thi 
minril Tesicl™ nt tha aitnnniliea, pmi-igaly M in CUali-n. 

t«euliarit^ of tbii ganuB cuneista id the endochruine l>ciiij 
imiUiis not pnralUl with the plane nf the valvpn. but of tin 

C. A HborE filament of HlmiiiilidiHni, iboving thecurioaa t(> 
afntneMnrnCof tiie Irun endochmnie, the rmcluuH aa nsaal ■ ■ 

ti. d, front riew of n fraud of X^iKVJiHfli, s DeBmld. itilpDiIed 1» ^ 
offtJlu ends of tho augmi-nt^ > . «. »t thn p-Jiits indicnted hy i ' 
front view would Rluselvrespmhle Iho frnnl view ofthe fm-' 
Mafmn), of which tbe Dul.line is given u K, theaertianalon'i . 
xha VociiLwa leingrepresunUid hs e v. 

In the Diatom, as soon as division is complntod, tfae tm* 
i eodocbrome of each fmstiile splits up into two, and in somt 
a four, lamellar tnassLS, each of which, from ita rcmaioing 



uoalterod in outline for a considenhle period, would appear tu 
have its uwn ioveetiag ojvehng. But liie« m^^u^^ isM^ad o( 
occupying a, position along the central region of the gtaenl 
efaamber, are suspended, as it were, in tl>e colourless pratAplaam 
within, but not in immediate contact with the inner sur^ce uf 
iJie valve and connecting xone; the middle uf the chamber, 
together with the space inleneniug betwe«i ibe lamclbe uf 
endocbrame, and the inner siir&ce of tbe giliceouj wall bein^ 
uccupifd, just as in the De^mid, br colourlesa prMoplaam. 

On ciu-8orilyli*ukingat aDialoaifrustule — sayof ajVovKiUia — 
it might easily be £upp>>i>ed that tbe relative pootioBS of Um 
Inie endochrome and tbe silioeuufi wall, both before and after 
division, differ from tboee which obtain in tbe Desmid frood. 
Indeed, this mistake is a common ooe, due to the o\*crluoked 
fui-t that, as a rule, ditifdon takes place in the Diaiom in a plaoc 
> iiich bisects the short««t axis of the oi^aai&m ; wht^^niA, in tbr 
! '"imid, it takes place in a plane biwcting I he longest axis. In 
rlier wordii,tbe tranverae or $hort axi* ol tbe i)iaU'm /ru»tvJf. 
iiTicidt^ with a Une passing across tbe c^mre^ of 6orA ili^ 
Olives ; whereas the longitudinal axl^ of the Desmid/rond cor- 
'-(londs witli a line passing through the centre of both it^ 
^■iHusnlA. Or, tu state the case in still another way, tbe front 
^ iew of the Diatom viUve (see fig. 5, A, ti) corresponds with tiie 
oudview of the fruud or segment of the DeEmid(D,e c)\ whereac 
the front vit-w uf tbe Di:ilom fnt^ule (A, h,oT C),and tbe front 
view of tbe Desmid frond (fig. 4, A, and tig. 5, D, d), represent 
iiirres ponding aspects in the two kinds of organinn^. This last- 
named correspondence of parts will be best understood, howeter, 
(■y comparing the tigure* of Ducidium <a Desmid) tig. 5,D, </, 
'. ith tbe front view of -Vc/osiru, a cylindrical but itbort Diatom, 
t which an outline representation it> given at E. 
I^a^tly, I have to touch briefly on the subject of the eztra- 
riiistiilar appendages as these present thenuelves in the l>ia- 
<iijacea.>. They may consist merety of a gelatinous mass, more 
I less I'bapeleiss, in which a colony of fruitule* is imbedded,a8 
Ml Dieiicia; of a tubular sheath of almost homy consistcooe, 
liiougb ]*erfect1y hyaline, in which tbe separate frustules move 
Iri-L-ly, as in Eitcy</ii«ma; of stalk-tike proce&sea or pediceN 
u)Ucb anchor tbe friistules to the sulistance from which they 
»priug, as in Coca/nemM, or which constitute a kind of stem to a 
iiruad, fun-tike cjipausion of fnistules, as in Licmophura', of merK 
pads wtiich connect the fr\istuleii of certain tilamentous foniis 
to t-jtch other, as in Bld'lul^hln ; of a highly elastic anil yet 
Hibtle tilm which ompletjL'ly invests some of tbe lilamentous 
l>aci llariiiu fuimii, and at the same time either permits of their 
IKxiitiar ijiovemciits, or itt^lf cunlrihutes to tbe performance of 
these movements, as in that most remarkable of alt Diatoms, 
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Ii<ir!Uana pai^doxa; and lastly, of a flattened, quoit-shaped, 
hyaline expanedoB, euirounding the periphery of each vnh-e, as 
ill the beautiful oceanic Diatom, Coecinodiecus sol. Many more 
forms of these appendages nrigbt be eminierated differing as 
widely from each other an the above, not only in shape but in the 
purposes they apparently serve in the economy of the eeveral 
species which possess them, I presume, however, that enough has 
been advanced to substantiate-vbat I contend for — namely, that it 
is illt^icaltw regard all these widely varying phasesof this eslra- 
frustular -secretkiu as unconnected with some moie specialized 
function in the protoplasm of the Diatom than has hithtTto been 
ascribed -to it. The different forms assumed cannot be for- 
tuitous. Their permanence in certain species, and in these 
only, at oBce negatives any such idea. For the same reason it 
is hardly possible that they can be epiphytic or parasil ic growths, 
which have nothing to do with the stnicture with which they 
are associated. Their perishable nature the moment the parent 
structure dies would almost seem to prove that they cannot l>e 
looked upon as absolutely effete matter whilst constitiiltng an 
integral part of the living organism. The siliceous wall of the 
Diatjm may be dead matter, just as dentine is, though still form- 
ing part of the living animal. But both these portions of 
sti'ucture are almost imperishable under ordinary conditioas- 
Tiiere is, therefore, no analogy between the cases. 

Of the movements observable in certjiin Diatoms m.uch might 
be said that bears in an important degree on the present subject. 
Fur the present I must, however, rest content with repeating the 
conviction espi-essed by me nearly twenty years ago, in the 
"Annals," and again very recently in the "Monthly Mioroscopiesl 
Journal," that so palpably are these movements due to some 
subtle form of motile Hlamenta that I do not hesitate to say it 
is but a question of time and properly dii^cted skill when the 
nature of the organ, whatever its exact form may be, shall be 
revealed by the microscope, just as the long-suspected flagelhnn 
of one of the Btictei'ia has already been. 

It only remains for me to add that, taking all the forthcoming 
facts into consideration, many of the most material of which my 
I.mits have precluded me from even naming in the present 
article, there seems to be ample ground for concluding that the 
Desmid and the Diatom, although ujtdonbtedly presenting 
" closed -eel Is " within their structure, are not themselves mere 
cells consisting only of the parts, or homologues of the' 
parts, which enter into the composition of the topical ve^ 
table cell as ordinarily defined ; but are, in reality, composiltf 
structures-of which the cellular portion coitstitutes n snia]!, 
thoi^ no doubt a very important, inle^i-al part. 
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J NOHWEOIAN LEMMING AND ITS MIGRATIONS. 
Br W. DUPPA CRirrCH, M .V F.L.S. 
[PLATE IV] 

I MONO the many marreltoiig stories which are told of the 
\_ NorweKiati lemming ( jVyoft-* /«mniu8, Linn.) theie ieo&e 
wTiich w^ms so directly t'j point to a lost page in the history of 
(he world that it is worth a consideration which it appears 
hit hertJi to have escaped. I allude to the remarkable fact that 
^^^bry member of the va^t siwarms which periodically almost 
^^^nstate Norway p*>ri«hee voluntarily, or at Iea.>-t in>1iDctivpIy, 
^^^Ptlie ocean. But as among my readers mme may not be 
^^Hhiliar with the lemming, a brief descrij>tion of the animal 
il«elf will not lie out of place. It is a voie, like our short- 
tailed tii-M mouse, very variable in size and colour, but the figures 
\ liff- 1 ), ^hicli aw about half the natural size, will be found 
to resemble Ihe majority in the latter respect. The dawn, 
especially on the fore foot, are strong and curved, the 
tail is very short, the ears scarcely visible, and the headlibe, 
black eyes se<-m always to notice objects aV>ove them rather 
than those in any other direction. During the summer these 
'-•nimaU form their nests under stones, usually betraying their 
linbifjili"ns by the very care which they take to keep them 
>wwt iiml clean. In winter, however, they form long galleries 
through the turf and under the snow in search of their food, 
which is exclusively vegetable ; and it is at this time that those 

IgCB are caused which have led the Norwe|^an8 in former times 
ilBt{tul« a special form of prayer against their invasionn. 
» are several species of lemming, easily recognizable, and 
WBlI-markpd geographical range; but it is to the Scan- 
tian species only that the following old description applies. 
lives on the shootf of the dwarf birch, reindeer lichens, and 
r m(»ses ; it hisses and bites ; in winter it nms under the J 

•mrtw; and about every tenth year, especially before an ex- I 

tremely severe winter, the whole army of animals, in the autumn I 

and »i night, migrates in a. direct line." According to Olum J 

■UH they fall from the clouds ; and Pennant narrates that-^;H 
' descend from the Kolen, marching in parallel lines thwj^u^^B 
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feet apart ; they traverfse Nordland and Finmark, cross lakes 
and rivers, and gnaw through hay and comstacks rather thiui 
go round. They infect the ground, and the cattle perish which 
tast^ of the grass they have touched ; nothing stops them, 
neither tire, torrents, lakes nor morasses. The greatest rock 
givea them hut a slight check ; they go round it, and then 
resuine their march directly without the least division. If they 
meet a peasant they persist in their course, and jump as high 
us his knees in defence of their progress. They are so fierce as 
to lay hold of a stick and suffer themselves to be swung about 



"^■^5^-3 



before they quit their hold. If struck they turn altout nnrl 
bite, and wilt make a noise like a dog. Foxes, lynxes, and 
ermines follow them in great numberB, and at length thoy 
perish, either through want of food or by destroying one 
another, or in some great water, or in the tiea. They are thn 
dread of the country, and in former times spiritual wenpcnu 
were exerted against them ; the priest exorcised lliem, undbad 
a long form of prayer to arrest the evil. Happily it does not 
occur frequently — once or twice only in twenty years. It s^eiof 
vast colony of emigrants from a nati'm overstocked,* 
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^Bdiwharge of aDimals from the northt^rn bive whicli once poured 
^■fbrtb iUmvriodii of human beings upon Soutbern Europe. They 
^HBo not form any magazine for winter provktou, by wbich im- 
^Hbrox'idence, it seems, they are compelled to make their summer 
^^fai^ration in certain years, urgefl by hunger. They are not 
^^■oleonous, as vulgarly reported, for tbey are often eaten by tbo 
^^Bapliinders, who compare tbeir Sejih to that of squirrels." 
^^K M. Guyon disposes of the theory that these migrations are 
^^■ifluenced by approachinff severe weather, since the one wit- 
^^Beesed by himself took place in the spring; also the super- 
^^B»indanee of food during the previous autumn precluded all 
^BjAea of starvation. He therefore adopts a third view, that 
^Hn:essive multiplication in certain years necessitates emigration, 
^^nd that this follows a descending l^our6e, like the muunla.in 
^Kticems, till at length the oceun is reached. ]Mr. It. CoUett, a 
^jforwegian naturalist, writes that in November, 1868, a ship 
Hailed for fifteen hourB through a swarm of lemmings, which 
extended as fur over the Trondhjems-ijord as the eye could 
reach. 

1 will now relate my own experience of the lemming during 
thrte migrations in Norway, and in a state of captivity in 
Bugland. The situation of Heimdalen, where I reside during 

Ii summer months, is peculiarly well suited for observation 
their migrations, lying as it does at an elevation of 3,000 
ft, and immediately imder the highest mountains in Scan- 
lavia, and yet, excepting during migration, I have never seen 
been able to procure a specimen. It was in the autumn 
18B7 that I iirst heard the peculiar cry of the lemming, 
ided by which I soon found the pretty animal backed up by 
B stone, against which it incessantly jerked its body in pas- 
sionate leaps of rage, all the while uttering a shrill note of 
defiance. The black, beadlike eyes seemed starting from their 
-(ii-ket3, and the teeth shone white in ibe simllght. 1 hastily 
-Hatched at the savage little creature, hut it spmng completely 
M'Und, fastened its teeth sharply in my hand, and taking advan- 
ug« of my surprise escaped under a large stone, whence I could 
not dislodge it. A Norwegian friend who accompanied me by 
no meann shared my feelings of satisfaction at the sight of a 
lemming. " We shall have a severe winter and no grass next 
■taring owing to those children of Satan ! " was his comment on 
^Hm event. However, it was many a mouth before 1 saw another, 
^Hho, on lifting a flat stone I found six in a nest of dried 
^'^pssa, blind, and apparently but just bom. In a few days the 
whole fjeld became swarming wilh these pretty voles; at the 
name time white and blue foxes made their appearance, and 
snowy owls and many species of hawks became abundant. My 
H|kigv, too, were annoyed by the rnsh eouriige of the new comers, 
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which would jump at their no^^ee even when slowly drawing on 
game, bo that they never spared a lemming, though they never 
ate them till last year, when I obsen'ed that they voiild eat 
their heads only, rejecting the body, although they devoured 
the common field mouse to the end of his tail. As the season 
advanced and snow covered the ground, the footprints and 
headless carcasses told plainly liow hard it iDn«>t be for a 
lemming to preserve its life, although there can be no doubt 
that its inherent pugnacity is its worst enemy. In this country 
we fail tn conceive h-i^v much active life goes on beneath the 
snow, which in more northern latitudes forms a warm roof to 
numerous birds, quadrupeds, and insects, which are thus enabled 
to secure au otherwise impossible sustenance. At the same 
time, as I have already noticed, a fearful struggle for existence 
is carried on during the long autumnal nights before the snow 
baa become a protection rather than a new source of danger to 
all save predaceous animals. It was a curious sight, when the 
whole visible landscape was of an unbroken whiteness, to see a 
dark form suddenly spring from the surface and scurry over the 
snow, and again vanish. I found that some of the holes by 
means of which this feat was executed were at least five feet 
in depth, yet even here was no safety, for the reindeer often 
kill the lemmings by stamping on them, though I do Dot 
heliove their bodies are ever eaten. 

During the autumn I noticed no migration, or rather there 
waB only an immigration from some i)oinl to the eastward, and 
in the subsequent migrations of 1870-1 and 1875-6 I still found 
the same state of things. The animals arrived during early 
autumn, and immediately began to breed ; there was no proces- 
sion, no serried I>ands imdeterred by obstacles, but there was u 
invasion of temporary settlers, which were speedily diut out 
from human view by the snow, and it was not till the foUowiog 
summer that the army, reinforced by five or six generatioDh 
went out to perish like the hosts of Pharaoh. On calm morn- 
ings my lake, which is a mile in width, was often thickly 
studded with swimming lemmings, every bead pointing west^ 
ward, but I observed that when my boat came near enough to 
frighten them they would lose all idea of direction and fre- 
quently swim back to the hankfliey bad left. Wlen the least 
wind ruffled the water every swimmer was drowned, and never 
did frailer barks tempt a more treacherous sea, as the wind 
swept daily down tlie valley, and wrecked all who were then 
afloat. It was impossible not to feel pity for these selWiaiirtwi 
fugitives. A mere cloud passing over the sun aflrigbtcd then; 
tlie approach of horse, cow, dog, or man alike roiuwd their 
impotent anger, and their little bodies were convulsively predsed 
against the never-failing stone of vantago (aee fig. 1), wbilll' 
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ftey uttered cries of rage. I collected 500 skin?, with the idea 
of making a rug, but was surprised to tind that a portion of 
the rump was nearly always denuded of hair, and it v&s long 
before I discovered that this was caused by the habit u!' 
nervously backing up against a stone, of which I ha\e just 
spoken. As this action is excited bv every appearance of an 
enemy it seems surprising that a natural callosity should not 
lake the place of so constant a lesion; possibly, however, ihe 
lime during which this lesion occurs is too short to cau.se con- 
stitutional change. 

Early in the autumn, and just a year after their arriral at 
Heimdalen, the western migration commenced anew. Eveiy 




Pliin of neimdntcii dmwn to »«nle in -whicli the rniirm nf 'hf L'inniiriiP'. 
initionted hj the arrows i> teeo lo cnws Lake BoimilulM nml nDtl th'- svift 
rirer LeiruncFD butli nf vhiili miirht be milidLd I'y ii (liglit delour Tbe 
rim IS of ginci r origin i erv old anil recj rapid 

morning I found swarms of lemmings iwirammg the lake 
diagonally insli id of diverging from their course «o as to go 
round it, and mounting the steep "lopes of HeiradaK-ho (figs. 
2 and 3) on their way to the coast where the haiassed crowd, 
tliiuneii by the unceasing attacks of the wolf, the fox and the 
(log, and even tbe reindeei pursued by ea^le, hawk and owl 
(See PI. IV ), and never spared by man himselt yet still a vast 
multitude, plunges into the Atlanlic Ocein on the fir*t calm 
day, and periabe with its front still pointing westward So 
laint heart, lingers on the way ; and no survivor returns to the 
mountains. 

There appears to have been a difficulty in keeping these rest- 
le» creatures in captivity, both because they escape through in- 
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credibly ainall apertures (gonerallj, however, dying from internal 
injuries thus caused), and because tliey will gnaw through a stout 
wooden cage in one night, and devote every epara moment to this 
one purpose, with a pertiaadty worthy of Baron Treuck. At a]l 
events, few have been brought alive to this country, and nom* 
have survived. At present (Febniary, 1877) I have one which 1 
have preserved siuce .Septemher last, defeating his attempts «l 
escape by lining the cage with tin, and allowing him a plentiful 
supply of fresli water, in which he is always dabbling. With thi; 
approach of winter all his attempts to escape ceased, and I now 
always take the little stranger for an airing iu my clo.ied hands 
whilst his bell is being made and his room cleaned out. He seems 
to like this, but after a few minutes a gentle nibble at my finger 
testifies to his impatience, and if this be not attended to the 
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biting progresses in a crescendo scale until it becomes unbear- 
able, although it has never under these circumstances drawn 
blood. My little prisoner shows few other signs of tamenesa, 
but the fits of jumping, biting, and snarling nige have almost 
ceased. I expect, however, that with the return of spring tbt" 
migratory impulse will be renewed, and that he will kill him- 
self against the wires of his cage like a swallow. 

The reader is now in a position ti consider the three questiom^ 
raised by the above facts, and those questions are as follow : — 
1. Whence do the lemmings come ? 2. Wnither do ibey ga? 
3. Why do they migrate at all? With regard to the first, no 
one has yet siipplied an answer. They certainly do not exist in 
my neighbourhood (hiring the intervals of migration ; and the 
Kjolen range was probably selected as their habitat, not btHraiin! 



was proved to be so, biU because 90 little is known about it 
t all. The answer to the Bccood question is certain : they go 
1 the sea. Those on the east of the backbone of Norway go 
. the Gulf of Bothnia, and those 00 the west to the Atlantic 
'i:ean (tig. 4), and out of 18 migrations which have been 
Avestigated, one only, and that very doubtful, is reported 
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I have been directed southward. The question aa to the 
mme of these migrations remains, and is a very difficult one 
■ o answer. We have been told that the foreknowledge of 
ipproaching severe weather predetermines the exodus: my 
rxperience, however, contradicts this, and it may be dismissed 
an merely a popular superstition. Unusual reproduction and 



consequent deficiency of food is a more plausible thiotj, 
but T have always noticed tJiat, juat aa with the Rwalluvr, 
a few individuals have preceded the main body, and that 
during the fii'St autumn the- numbers are never Inrye, but after 
a winter spent beneath the snow they begin to br«ed with tliH 
first days of summer, and thus develop the eitraordiDwy 
multitude which is, as it well may be, the astonishment ash, 
terror of the country. It appears, then, that excessive reprndtie*^ 
tiou is rather the result than the cause of migration. Tt lut! 
also been suggested that the course taken by the lemmia|^ 
follows the natural declivities of the country, but a reference to 
the maps will show that in that case nearly all the N"orw«^[iaa 
migrations should take a southerly route, which is by no means 
the case. On the contrary, westward at Heimdal means across a 
rapid river, over a wide lake, and up a steep, rocky and snowy 
mountain, and this is the course which is foiloweil. \ow, thu 
ends eventually in the ocean, and thus we are n^ain landed nt tbti 
question from which we set out. After all, it is not the pow«r 
of direction which is so remarkable: this is a faculty possessed 
by many animals, and by man himself in a savage stute. A 
young dog which I took from England, and then from my honw 
in Vaage by a path to Heimdulen, a distance of 46 miles, 
back the next morning by a direct route of his own, crossing 
three rapid rivers and much snow, and accomplishing 
distance in six hours, without the vestige of a path. This ; 
dog afterwards repeated the feat, but followed the path, 
tojk two days in reaching his destination, hindered and not 
aided, as I believe, by his experience. Herr Pitlmen, indi 
says " experience guides migration, and the fdder migraotc 
guide the younger," like one of Mr. Cook's personally conducted 
tours. This obviously cannot be the case with tlie lemmingSi 

It is now generally admitted that instinct is merely inherited 
experience, and is therefore primarily calculated to Ijenefit the 
species, unless indeed circumstances have changed meanwhO* 
more rapidly than the structures to which the phcnnmens af 
instinct are due. Now, tlie lemmings during their wanderini^ 
pass through a land of milk and honey, where, if their instinct» 
could be appeased, tbey might wl-U take up a permanent ahode. 
and yet they pa*t on, whilst their congener, the field-vole, 
remains in quiet possession of the quarters from which he wan 
temporarily ousted. It is indeed almost as strange a siglit In 
see the holes, the deeply^rooved runs, and the heaps of refiue 
of these restless creatures, which have passed away but yesterilay, 
as it is to see the fjelds suddenly Ijecome alive with a new awl 
boisterous tenant, who, like another Ishmael, hits the baud of all 
mt>n against him. 

Now, if we compare the migration of the lemmings with tint 



to in as mnhr as muimei kaelf ; nnr do they ever. 30 &r »i I 
know, breed on their paasagc The swifts wfaicb star bat & 
short time with th, icmun in >\>my buvly I^og etiougfa to 
r^ar their Tomtg before retamin}: to Airica. It ij diffioolt, in 
HcU to find s parallej ea# to that of the lemming : the n^are^t 
appioacb. pei^pei, is afforded hj the strangle immtgratiiia of 
PaUan'a £«nd-g;Fau8e in 1863, when a species wbo^ humi^ ii itii 
the Tartar St£ppe» joiimered on in con^dernble numbirr^ tottte 
most wedl«m shores of Europe, and verv prolablr manv perished, 
like tbt! Iirmming¥. in the wave« of the Atlantic. But to revert 
' ■ the swallows, which annnallv desert Europe to visit Afriai. 
i. I lis suppose that tfaene birdi were partial migraDts iiulv — 

lidt. is, that a irinnant remained with us after the departure of 
vite main body — and further suppo!$e that thecontiuent of Africa 
w<-re to hec-ome submerged, would not many generations of 
'wmIIows Btill follow their inherited migratorv instincts, uud 
■i^ek the land of their ancestors through the new waste of watftrs. 
whiUt the remaining stock, unimpeded by competition, would 
iooner or later, iiccurding to the seasons, recruit tliu ranks iiir a 
a«v esodus ? It appears quite as probuble that the imi>etus of 
migration towanU this lust continent should be retainetl ns that 
a dog should turn round before lying down on a rug. incfely 
becauxe his ancestors found it necesisaiy thus to hollow out u 
Clinch in the long grass. 

Well, then, is it probable that land could have existed where 
niiw the broad Atlantic rolls? All tradition auys si): old 
Eg^-ptian records speak of Atlantis, as Straho and others Iiiive 
i.ild US. The Sahara itself is the sand of iin ancient swi, and 

!!■■ shells which are found upon its surface prove timt no longer 

li'i than the Miocene period a sea rolled over what now in 
ilfsert. The voyiige of the " Cliallenger " has |»roVHd llii* cxintcnco 
ipfthrei? long ridges iu the Atlantic OL-euii, oik? extiuiding for 
more thiin three tliousand miles ; and lati'ral spurs rniiy, by I'oii- 
M'-rling thes« ridges, account for the murvclloiis Birnilarity iu 
'he fauna of all the Atlantic Islands. Howi-vi-r, I tl.i not. 
-.]|ipose that the leniinings ever went no fur wiiitli, tlioiinh 

hey arr found as fossils in Knghmil ; but it I" a runiiirkiibh' 
: K't ihiit whilst the suundings off Norway an* cuiniiiirnlivuly 

ii.ill'>w for many miles, we Hnd a narrow hut rifcp L'hiiuuitl 
I '.-ir Iceland, which prolialily liax prcVi-nU^l thu ]f(njnllij( 
liom Ix-coraing indigenous there, although an AruiTitiiiii Hpi<i-lRi 
was found in Greenland during thf liitc An^tlc KxiH>illliim. If, 
as is proliable, the Gulf Stream formt^rly followi'd MiIh tlMKji 
channel, its beneHcnt influence would only mtctid ft fow iniluN 
from the coast, which would sIao liiivu risadii'd to 11 ifeiml 
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distance beyond the present shores of Norway, and thus the 
lemmings would have acquired the habit of travelling westward 
in search of better climate and more abundant food ; and as little 
by little the ocean encroached on the land the same advantages 
would still be attained. And thus, too, we find an explanation 
of the fate which befalls tlie adventurous wanderers : for we 
have already seen that no lake deters them, and that they fre- 
quently cross the fjords, or arms of the sea, in safety. No doubt, 
therefore, they commit themselves to the AUantic in the belief 
that it is as passable as tliose lakes and Qords which they have 
already successfully dared, and that beyond its waves lies a land 
which they are never destined to reach. 

The submerged continent of Lemuria, in what is now the 
Indian Ocean, is considered to afford an explanation of many 
difficulties in the distribution of organic life, and I think the 
existence of a Miocene Atlantis will be found to have a strong 
elucidative bearing on subjects of greater interest than the 
migration of the lemming. At all events, if it can be shown 
that land existed in former ages where the North Atlantic 
now rolls, not only is a motive found for these apparently 
suicidal migrations, but also a strong collateral proof that 
what we call instincts are but the blind and sometimes even 
prejudicial inh2ritance of previously acquired experience. 




fJLE ALKALINE AXD BORACIC LAKES OF 
CALIFORNIA. 



Br J. ARTHdR PHILLIPS, F.G.S. 



EDIATELY ea^t of the range of the Sierra Nevada is an 
tensive regfion of alkaline lakes and hot springs, of which 
Irge areas are almost totally barren, tlie only vegetation 
ting of wild sage, yucca, a few cacti, and scanty tufts 
ffih-grass. 

t district aSbrds, in ita many extensive craters and in its 
basalts and obsidians, the most conclusive evidence of its 
origin, while its solfataras and boiling springs may be 
ied as the last representatives of active vnlcanicity. 
llough this region is one of great scientific interest, and 
rentually become indufitrially important, it appears to Iw 
ttle known in this country, and it has therefure been 
bt that a brief description of the district, as wi'll as of that 
I borax lakes, lying on tbe western side of the SieiTa, 
not be without interest to Englisb readers. 
I most remarkable of the alkaline lakes of this portion of 
; Aluno and Owen's Lakes, The former lies in a 
Hon occupying a portion of an elevated plateau of desert 
ituatcd at the eastern base of the Sierra Nevada between 
i waters of Owen's and Walker's Rivers. The distance 
e gummit of the range to the lake-shore is about six 
nd the difTerence of elevation is about 6,000 feet. On 
excepting towards the Sierra, this lake is iurrounded 
fe belt of desert, the total area of which is from 400 to 

B miles. 

iLake is about fourteen miles lonjj, from east to west, 

Iwide, from north to soutb; but it was formerly much 

mn it is at present ; this is indicated by numerous t?r- 

s of wliicli the lines of its ancient shores may be 

Jer of this lake, which lias a high specific gravity, and 
[ and extensively saline, is not easily thrown into 
■K, vol.. i."So.'n. u 



vsTes, but is generally smooth and glaisy, Jit^ar lis northdum 
there are spring which have produt»!tI estMiinn- dvpoeits ot 
tnfri, Eomf of which rise several feet abtn'e the surface is famiA 
resembling gigantic fangi. I 

There are numeroiut islands in this lake, two of which an> of con-, 
^idemble size, the largest being two and a-half miles long, from 
north to south, and the other about half a mile in length, from 
east to west. These, as well as a group of smaller islets lying Ui 
the north, are entirely composed of volcanic materials. 

On the north-eastern comer of the larger island are extentii«> 
hot springs and steam-jets, covering an area of sometldrty acr<-.% 
and extending into the lake. The escape of steiim and hoi gasi*) 
from BO nmny hundreds of vents is attended with much noHr, 
and the sides of the orifices of many of the fumaroles are ic- 
cmeted with a reddish-brown substance, which is probably chloridi' 
of iron. In the neighbourhood of these springs theru is a eliglit 
smell of sulphurous acid, but no free sulphur is depomted. Sotnu 
of them furnish a copious supply of boiling water, large <]uantitiK' 
of which enter the lake, and so perceptibly rai»e its Irmpen- 
tnre for a. considerable distance around. Much gas and rfeam 
escape from a fissure caused by the sinking of a pi>rtion of tbr 
crust, while on the eastern part of the island are two well-defiowl 
craters, now filled with water. 

Mono Lake is, during the summer, the resort of myriaili nf 
gulls and other aquatic birds, which are most numerous during 
the breeding season, but the water is believed to be enlii>-i' 
destitute of life, with the exception of asmall crustacean, Arte^ni'i 
fertUia, nenrlj related to tho so-called brine shrimp ( Artemis 
eali/na) foimd in the strong brine of the salt pans on European 
coasts, and the Koo-chah-lee of the Indians, a whitish larri, 
occurring in immense quantities, and which is much esteem"! 
by them as an article of food. 

Stretching south of the lake is a chain of extinct volcimon, 
presenting tho form of trimcated cones, of which the gcneiallv 
steep sides are covered with aahea and other loose materinli 
Obsidian and pumice are abundant oa the amface of tbi 
cones, and also cover the plains at their base. 

Owen's Valley is a narrow basin lying south of Ttloao Ltke, 
and runninf; nearly north aud south for a distance of about Hfl 
miles. Its average widtli may be taken at ti-n miles. It ia 
bounded along ita western edge by the Sierra Nevada, which in 
this portion oiF its course presents an almost imhroken wall, of 
which the hijiheMt peak, opposite Owen's Lake, rmclies an e!r- 
vation of 15,000 feet. No ytass crosses it at a li-ss height tiias 
1 1,000 f.-(t., and near the lake-shore tlie descent from tht* i 
jj^J^he valley beneath mustliave an averaj^e inclination of ftt 
00 feet pcj mile, the distance being from ten to tinven 



H^eit, and tlie differencti of level between the highest point of 
^■le pass and the valley bein^ from 10,500 to 11,000 feet. 
^HOn the eastern side of this valley are the Inyo Mountains, 
^■nrank itn southern end, and the 'SMjite Mountains further 
^Krth. This range ia dry and desert-like, and not a single 
^^■eam of any size flows from it into Owen's Valley, which is 
^Httlusively watered by the melting of the snows aecumu- 
^^ped during the winter montlia on the eastern filope of the 
^■erra. Owen's Itiver rises a short distance from the source of 
^Be San Joaquin, and, after flowing for a distance of 120 mile^, 
^Ba into Owen's Lake in lat. 36° 20' N., long. 118° W. from 
^^■eenwich. This lake, of which the water is exceedingly saline 
^Htd Btrongly alkaline, is twenty milet< long and eight wide. 
^H bas no visible outlet, and its shores are often thickly coated 
^B|li a snow-like alkaline incrustation. 

^^Ufo fish inhabits its waters, but Koo-chor^ee is abunrlant, 

^Hd at certain seasons is carried in by the waves and de- 

^Blited on tbe shores in layers of several inches in thickness. 

Hmis was formerly collected in large quantities by the Indians, 

Kgod, after being dried in the sim, rubbed between the hands and 

I nmghly winnowed, was crushed in a stone mortar, and made 

into a sort of bread, which furnished an important article of 

food. This insect, which has been described as a white grub, 

is also found abundantly in the waters of Great Salt Lake> 

I'tah, and those of other saline and alkaline lakes of the west, 

and appears io he the larva of a two-winged fly which is described 

by tie late Professor Torrey imder the name of Ephydra cali~ 

/vraioa, and by Dr. A. S. Packard as Ephydra gracllie." 

A specimen of water taken from Owen's Lake, in January, 
1866, had a specific gravity of 1-076, and contained 7128-24 
grains of solid matter per gallon. The composition of this 
residue was foiuid, calculated on an imperial gallon, to be as 
follows : — 



Chloride of sodium 
SulphntooCBodium 
CarboQftto of sodium 
Sulphate of potftasium 
Phosphate of potHs^Iui 
Silicate of potassiuin 
Organic nmtler 



2!I4205 
056-80 

&014-43 
12204 
35 74 
139-34 

io-n4 

71:id'24 



pin addition to the substances abjve enumerated, iodine waa 
mt, but only in such minute proportion that its amoimt 

*See Hnyil^n, "Geolog'cal Surre; <f Montaun, Idnbo, Wyoming, and 
\ 1873," p. 744. 



could not be estimated. It is also to be observed tliat since. 
for convenience of carriage, the sample of this water operatwl 
on was reduced by evaporation to one-fourth of its original bulk J 
before being brought to this country for analysis, il is probahl»] 
that some alkaline eesquicarbonates may have been originallj^] 
present. J 

The incrustations wliich at certain periods of tbe year aecu-l 
mulate to the extent of many bimdredfi of toiis oil the shoref J 
of this lake, mainly consist of carbonates of sodium, in which 1 
the proportion of sesquicarbonate is somewhat variable ; in 
some specimens examined monoearbonates were alone present. 
Besides carbonates of sodium, these deposits contain 3 per cent, 
of chloride of sodium, and about 5 per cent, of sulphate of 
Bodiumj together with traces of silica. 

It was proposed some years since to erect works on the eastern 
shore of Owen's Lake, for the purpose of refining this depoeit, 
for the manufacture of merchantable carbonate of sodium ; hut 
whetier this idea was ever carried out, I am not aware, Tb* 
only serious obstacles to the success of such an enterprise would 
appear to arisp from scarcity of fuel, and the great distance of ' 
the lake from a shipping port. 

As this lake continuously receives the waters of a consider- 
able and constantly flowing river, while it has no apparent 
outlet, it follows that it must act the part of a huge evapotat- 
iutj basin, in which the salts introduced by the not apparently 
saline wat«r of Owen's River become concentrated to sD 
alkaline brine. The rocks on either side of the valley throng 
which the river flows are, to a very large extent, composed tf 
granites, lavas, and basalts, from tlie decomposition of ti»i 
fflspars in w)iich tlie alkaline salts of the lake have doubtUtir 
been derived. The \ery small ]}roportion of potasaiimi sattfl 
present in tliese waters is remarkable, for although from tbfl 
circumstance of the felspars of the district being to a largM 
extent triclinic, sodium might be expected largely to predom- | 
inatc, still so great a diftproportion in the respective amonntS'i 
of the two alkalies could scarcely have been anticipated. Thin 
circumstance may perhaps, to some extent, be accounted fofl 
Ijy supposing the potassium salts to have been largely assimifl 
lated by plants during the percolation of the waters containinM 
them through vegetable soil, while the salts of sodium, nd 
having been thus arrested, have passed into the rivtr, anfl 
thence into the lake. I 

Owen's, like J^Iono Lake, was at one time much more extoifl 
sive than it is at present ; this is evident from tbe occunenofl 
of a series of parallel terraces, plainly traceablo on each ftdfl 
of the valley. In addition to tliese lakes, numerous aUnUna 
lugunesand boiling springs are met with throughout this rcgloOtl 



r Arb Bouoio iJiua or OAtifonoA. 

The Ariciniii fertillsy before referred to as being plentiful in 
Mi-no I^e, is also exceedingly abundant in Owen's I^ake. A 
pt'culiarily of this crufitacean ia that it congregates into masses 
.thich have often a strange appearance in the water. These 
masses sometimes stretch out in such a way as to have the form 
cf" a serpent, while at others they represent circles or various 
irregular figoi-es. A gentle breeze scarcely aficcts water filled 
by AHemia; 6o that while on all sides the water is slightly 
ruffled, that which is occupied by these dense aggregations 
r.'maiaH perfectly smooth, thus indicating the iigure of the 
mass. On placing some of these cruataceans in a bottle filled 
with lake water, for the purpose of preserving them for subse- 
((ueut microscopical examination, it was found that those which 
di<'d rapidly disappeared, and on closely examining what 
had taken place, it soon became evident that as soon as vitality 
liad ceased, chemical action was set up, and the animal 
gradually dissolved in the strongly alkaline brine. 

Burton Springs are situated at the extreme northern point of 
Owen's Valley. These springs rise from the earth over an area 
of about eighty srjiiai'e feet, which forms a basin or pond that 
pours its heated waters into a narrow creek. In this basin a 
v.'ge table growth is developed at a temperatureof about 160° F., 
iind is continued into the creek to a distance of about a hundred 
yards from the springs; where, at a temperature of about 
1 20° F., the algae grow to a length of over two feet, looking 
like bunches of waving hair of a beaiitifid green colour. Below 
the temperature of 100° F., these plants cease to grow, and give 
way to a slimy fimgus, which is also green in colour, but finally 
disappears, as the temperature of the water decreases. Dr. J. 
H. Wood, junr., who haa carefully esamined this growth, makes 
llie following observations with regard to it: — "This plant 
certainly belongs to the Nontochacect^ and seems a sort of con- 
necting link between the genei-a HortnosipliQ)!. of Kiitzing and 
Nostoc. 

'• The best algologists now refuse to recognize tlie former 
group as generically distinct, and the characters presented by 
this plant seem to corroborate this view. 

" The species appears to be an undeacribed one, and I would 
propose for it, the specific name CaXadariuin, which is sug- 
ji'-sted by its place of growth."* 

Twenty miles south from Owen's Lake, across a sage-brush 

.'ind grease-wood waste, the surface of which is plentifully strewn 

with fragments of lava, pumice and basalt, is Little lake. This 

I 4faect of water, which is of comparatively small extent, is sur- 

I rouDded by huge masses of contorted vesicular lavu, and 

• ■'Saiiraan's Journal/' toI. xlvi, 1868, p. 33. 



A 



IS8 



F077LAB scintci scmv. 



evidently occupies the cavity of an ancient vt4etiiiio vent. TIp 
watfirs of this lake are considerably le!« alkaUne than tbose of 
Owen's Lake, but bubbles of carbonic acid make their vay to its 
surface in almost uninterrupted streams. 

Fifteen miles east from this point are numerous hot springs; 
the path for the greater portion of this distance lies o\'er lar^ 
flows, which render travelling slow and fatiguing. At the 
principal group of springs the ground is covei'ed, over a Urge 
eiAenl^ bj innwnerable cones of plastic mud, varying in fa^ht 
from a few inches to several feet ; these rise above the suifan 
of a seething swamp, and give issue to ^team and jets of boiling 
water. In some cases the steam and gases, instead of inminp 
from cones as above described, are evolved under the surface M 
water and mud contained in basin-shaped resenoiis formed in 
the decomposed rock. £y these means are produced molti- 
tudes of boiling cauldrons in which violent ebullltiou keeps clay 
in a constant state of suspension ; this clay varies in ooloor 
from bluish grey to bright red. The waters of these springs aie 
much employed by the Indians as an embrocation for the cure 
of diseases of the eye ; on examination they were foimd to oon- 
tain 48 grains of solid matter to the gallon, of which umuimt 
26 grains are sulphate of aliinninium ; in addition they contain 
lime, soda, potash, and a little free sulphuric acid. 

Borates of sodium and calcium occur in ip-arious localities ta 
Nirth America. Thetwotiorax lakes are botli sitttated near tllO 
shores of Clear Lake in Lake County, California, seventy tnila 
north-west of the port of Suscol, and one himdred and ten frcoi 
the city of San Francisco. 

The larger of these lakes is separated from Clear Lake by t 
low ridge of volcanic materials loosely packed together, and 
consisting of scoiije, obsidian, and pumice ; it lias an average 
area of about three hundred acres. Its extent however variw 
considerably at different periods of the year, as its waters cover 
a larger area in spring than during the autimuial months. Na 
stream flows into its basin, which derives its supply of water 
partly from drainage from the surrounding hills, and partly 
from BubtciTimean springs discharging themselves into the 
bottom of the lake. In orriinai-y seasons its depth thun varies frum 
five feet in the month of April to two feet at the end ofOctoher. 

The borax occurs in the form of crystals of various dimeusiunt 
imbedded in the mud of the bottom, which is found to be mMt 
productive to a depth of about three and a-half feet, .^lt,ll'lugh a 
bore-hole which was sunk near its centre to the depth of sixty 
feet afforded a certain amount of the salt throughout iu wfaolB 
extent. 

The crystals thus occurring are most abimdant near tlic ccnlie 



nf the lake, and extend over an area equivalent to oiic-tliird 
its aiirface ; they are, however, also met with in siuallor qiuuiti- 
ties in the muddy deposit of other portions of tlic basin. The 
largest crystals, some of whieh are cousidernbly above a pnund 
in wei^t, are generally cnclosod in a stiff hhio clay, at a depth 
of between three and four feet ; and a short distiinue above tbem 
is a nearly pure Rtiatum, from two to three inches in tbickneas, 
of smaller ones ; iu addition to which crystals of ^-ariollB xiees are 
disseminated through the blue clayey deposit of which the 
bottom coQsIsts. 

the borax thus existing in a crystallized form, the 
mod itself is highly charged with that salt, and, according to an 
xaalreis by Dr. Oxiand, affordfl, when dried, in those portions of 
the lake which have lieen worked (including the enclosed crys- 
tals), 1 7*73 per cent. Another analysis of an average sample, 
Mr. G. E, Moore, of San Francisco, yielded 18'86 per cent> 
■ rystallized borax. In addition to this the deposit at the 
torn of the other portions of the basin, although less produo- 
. ■ , still contains a large amount of borax. 
Water collected from Borax Lake, in September, 1863, was 
■i.d by Mr. Moore to contain 2401*56 grains of solid matter 
1 the gallon, of which about one-half was common salt, one 
i(iiarter carbonate of sodium, and the remainder chiefly anhyd- 
rous borax, equal to o35-08 grains of crystallized salt to the 
gallon. Traces of iodine and bromine were also detected. A 
ample of water taken from the interior of a coffer-dam sunk in 
the middle of tbe lake, aud which had been allowed to fill by 
percolation from the bottom upwards, was found to be more 
concentrated, yielding 3573-46 grains of solid matter to the 
^■allon, but it contained the same ingredients, and in nearly tbe 
iame proportions, as the water from the lake itself. When 
evaporated to dryness, this water yields a considerable quantity 
of finely divided carbon, resulting from the various orgiinio 
bodies which have been dissolved in it- 
Mud from the bottom of Borax Lake is in high reputi? among 
the local Indians as an insecticide, and is used in the following 
way. The head of the patient is thickly plastered with mud, 
wbicb is well rubbed in, and then allowed to become perfectly 
dry ; when dry, it is removed by rubbing between the handii, 
and with it disappears the colony of parasites. Oidinary clay 
is, under pressure of circumstances, sometimes employed for 
this process of shampooing, but when alkaline or boracicmud 
ia available, it is considerci more efficacious. 

When this locality was visited by me in 1866, borax was manu- 
factured exclusively from the native crystals of crude !talt, while 
mnd in which they were found was returned to the lake after 
ical separation of the crystals by washing. The eitrac- 
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tion of boracic mud was effected by the aid of tJieet-i 
dams. The only apparatus employed consisted of a rail, covered 
by a sbingled roof, provided with an apertura in its oeotm 
abont fifteen feet square, above which were bung, by auitable 
tackle, four coffer-dams, each six feet squai'e in horizontal section, 
and nine feet in depth. This raft, or barge, was successively 
moored in parallel lines across the surface of the lake, and at 
eacli station the four dams were sunk simultaneously by their 
own weight into the mud forming the bottom. 

When they had thus become well imbedded, the water 
baled out, and the mud and crystals removed, by mejine of 
buckets, into rectangidar washing-vats, into which a continuous 
stream of water was introduced from the lake by Chinese pumps, 
the contents being at the same time constantly agit.ited by ihe 
aid of wooden rakes. In this way the muddy water continually 
flowed oET, finally leaving a certain amount of crude borax at 
the bottom of each tank ; this was purified by re-cry BtalUzatiofi. 
From the density acquired by the 70,000 gallons of water daily 
employed for this purpose, it is evident that only about on&- 
half of tlie borax existing in the form of crystals was thus 
obtained, while the mud was again returned to the lake. 

Instead of the coffer-dams, a small hand-dredging machine, 
worked, like the former, by Chinese labour, was subsequently 
introduced ; but the mud brought up by it was subjected to the 
wastefid process of washing before described. 

The crystals of crude borax thus daily obtained amounted la 
about 3,000 lbs. ; these were dissolved in boiling water, and re- 
crystallized in large lead-lined vesselsjfrom which the purified salt 
was removed to be packed into boxes, each containing } 1 4 lbs., 
in which it was forwarded to San Francisco. The loss of weight 
experienced in the process of purification amounted to about 
13 per cent. 

Shortly after my visit in 1866, the manufacture of refined 
liorax at "Big Borax Lake" was suspended, and I am not 
aware whether it has now been resumed, but the works do not 
appear to have been in operation in 1874. 

Little Borax Lake covers an area of about thirty acree, aiul 
is usually dry during the months of September and October; it 
is then covered by a white cnist, which is collected by Chin«ie 
labourers, and carried to the works, where it is refined by n- 
crystallization. Ulexite, a double borate of sodium and calcium, 
is brought to this place from Wadswort.h, in the State 
Nevada — a great distance, with several tmnship meats — to ba 
treated at these works: it appears that on account of the 
sence of carbonate of sodium, and the cheapness of fuelf tUl 
can be done more cheaply here than in Nevada. 

Clear Lake is a large and picturesque sheet of watefj 



five miles long, by about seven wide, surrounded by mountains, 
wLicb in many places rise abruptly iVoiu iL*; waters wtge. 
Boat-life on tbis lake ia deligbtful ; the water is Fmooth, there 
is usunlly a sufficient breeze fur sailing, and sliotiJd it fall calm, 
an Indian can always be hired to row. 

Lying about a mile beyond tlie ridge which border^; Borax 
Lake on the north-east, and at llie foot of a shorter arm of Clear 
Lake, which extends off to the eouthn&nl parallel with llin 
larger one, is an interesting locality, known as the '• Sulphur 
Uiink." It is some sii or seven acres in extent, and consista of 
a much decomposed volcanic rock traversed by innomerabte 
figures, which has become almost covered by a large accumula- 
tion of sulphur. 

From the fissures steam and gas are constantly issuing, and 
<i\<'r and through the mass large quantities of sulphur have been 
deposited in such a way that at a short distance the whole bank 
appears to consist of this subelance. Into some of these cavities 
a pole may be inserted for a distance of se\'eral feet, and they 
are often lined with etolactites and beautiful crystallizations of 
Midphrir. 

Sulphur is being constantly deposited, and its deposition is 
att^ndetl by the evolution of carbonic and boric acids. The 
gaseous matters iss'nng from these crevices appear to l)e the 
agency by whicli the various substances now deposited in the 
cavities have been brought to the surface. Sulphur is deposited 
on the sides of the various fissures either in the form of crystals, 
<ir as amorphous translucent masses of a beautiful yellow colour. 
It is sometimes intermixed with cinnabar, the presence of which 
was first discovered by Dr. Oxlaud ; but more frequently with 
minute cubical crystals of iron pyrites. Pulverulent silica, black- 
ened by some hydrocarbon resembling coal-far, is also frequently 
observed. 

On the sides of tlie cavities colloid silica is found coating 
chalcedony and opalescent quartz in the various stages of form- 
ation, from the gelatinous state to that of the hardest opal. 
The indurated material is sometimes colourless, but is more 
frequently permeated by cinnabar and iron pyrites, or blackened 
1^ the tarry matter before referred to. Cinnabar is also foimd 
in laminie, and occasionally even in veins and concretionary 
masses of considerable thickness. 

In addition to being employed as a source of sulphur, this 
deposit has been worked for quicksilver, and has produced 
large quantities of that valuable metal. 

On the shore of Clear Lake, near the sulphur bank, is a 
spring, of which the outlets, even when the water is low, 
partially beneath the lake, so that the amount flowing from i 
4-aDnot be ascertained. Hot water, however, rises throtigh tin 



sand at various points ertenctirifr over a considerable area. A 
specimen of water collected by Mr. Moore from this spring was 
found by him to contain 1 84*fJ2 grains of common salt, 76'9fi 
grains of bicarbonate of sodium, 36'37 grains of free carbonic 
anhydride, 103-29 grains of borax, and 107-76 graina of bicar- 
bonate ol ammonium, in an imperial gallon ; besides silica, 
alumina, and traces of various other substances. 

Professor Whitney remarks with regard to tins spring: — 
*' The most extraordinary feature in the above analysia is the 
very large amount of ammoniacal salts shown to bo present in 
this water, in this respect exceeding any natural spring-water 
which has ever been analysed. Mr. Moore thinks that, oa in 
the case of the boracic acid waters of Tuscany, this ammoniacal 
salt may be separated and made available for economical pur- 
poses. This locality is worthy of a most careful examination, to 
ascertain how considerable a flow of water can be depended 
on." • 

Dr. A. Blatchly, of San Francisco, in speaking of the Geyser 
group of qiiicksilver mines, soys : — " Nearly all these veins con- 
tain iron in cousiderahle amounts, frequently in sufficient quan- 
tities to constitute an ore of iron. Gold, silver, and copper 
are also frequently constituents of these lodes, and occasion»Uy 
clirome iron in considerable quantities. But, so far as i» 
known, in no instance have the precious metals been sufficiently 
abtmdant to pay for the expense of extraction. 

" Bitumen is found in nearly all these veins, sometimes a 
rleposit of a gallon or two in one cavity. 

"Thermal springs are mimerous throughout the whole 
quicksilver-region, and the imiformity of their occurrence leads 
prospecters to the belief that there is an intimate relation 
between the causes wliioh generate thermal springs, and produc« 
deposits of cinnabar, and that where one is found the other may 
probably occur in the vicinity." f 

On the eastern slope of the Sierra Nevada, near Walker'* 
Pass, borax is found in what appears to be the bed of an 
ancient lake, large crystals of this substance having been met 
with in a hardened mud, exactly resembling those found in the 
blue clay of Borax Lake. By far the large^^t amount of borax 
is, however, obtained from the indurated mud, where it exists 
ill common with other salts. This mud, from which borax is 
separated by lixiviation, contains about half its weight of that 
salt, and is a light clay-like body, having a strongly saline and 
alkaline tAstc. The portion insoluble in water eServesces on 

" " Geological Survey of Cslifomin," p. 100. 

t " Mineral Resources Yt'eat of the ICock^ Moiintiuni," 1875, p. 170, 

llajmooA, 
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lieing attacked by by<Irochluri>: acid, and contains silit-a, alu- 
mina, lime, ferrous oxide, antl magnesia. Similar dt:poffil 
containing borax exist in Panamit and Death's Valley, 
Lower Nevada ; but these desolate districts have not as 
received so careful an examination as they deserve. 

About twenty miles west of San Bernardino is the so-called 
" C>uie Spring District," where ulexite or boronatrocalcite ia 
found, over an area about ten miles in widtb by fifteen in 
length. The surface of the ground is covered by efflorescent 
salts, commonly known as " alkali," beneath which the borax 
salts (chiefly idesite) are found at a depth of only a few inches. 
At Hot Springs, in the north-western portion of the State of 
Nevada, at a height of 4,500 ft. above the level of the tea, and 
where the water issuing from the ground has a temperature of 
about 1B0° Fah., there are deposits of boronatrocalcite, extend- 
ing over considerable areas. Here, as far as the eye can reach, 
nothing is seen but barren mountains, formed of a black porous, 
lava ; while the valleys are covered by an efflorescence of a mix- 
re of common salt and sulphate and carbonate of sodium. In 
cases the sands of these mountain valleys contain deposits 
re or less pure boronatrocalcite, 
_■_ Geysers and hot springs are numerous in the whole of this 
district, and from the number of extinct geyser vents still 
visible, they were, probably, at one time much more numerous 
than at present. 

The analysis of an average sample of the boracic material 
im Nevada afforded Mr. Loew the following results : — 

BoroDBtiocitlcitti 3J-1.1 

Chloride of sodium .... 2-80 

Sulphftle of sodium .... 2-Q3 

Sulphate of calditm .... 6'17 

Caiboaate of coldum .... 301 

CuboDnte of megnesiam .... -7)1 

Claj 1970 

QuArtzoM Bond SQ-OH 



16a I 

ii<i- I 

m 



w TrBces of potash, iodine, aud la°a 
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"he purification of crude borax [(Incal) is effected by a 
^ple re-crystalliaation, but the preparation of marketable 
Bax from boronatrocalcite is attended with considerable diffi- 
culty, more particularly as the appliances available in tho 
remote deserts in which it occurs are of the most primitive and 
limited description. 
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When boronatrrtcalcile is moderately piire, it is first ground 
and subsequently dissolved in vi^ter, with the addition of an 
-amount of carbonate of sodium sufficient to effect the decompo- 
sition of the calcic carbonate present. 

The solution is subsequently heated, and the carbonat* of 
«alcium allowed to subside, when the liquor is drawn off, and, 
after concentration, borax is obtained by crystallization. 

Unfortimately, this mineral often contains notable quantities 
■of gypsum, wliich transforms an equivalent amount of carbo- 
nate of sodium into GIaul>er salt, a relatively valueless pro- 
duct. This salt is also frequently present in the material 
operated upon, and thus materially adds to the difficulty of 
treatment. In order to avoid these difficultiee, it has bt-en 
proposed to treat native boronatrocalcite with sufficient sul- 
phiu-ic acid to transform the whole of the carbonate of calcium 
into gypsum, and tu liberate boric acid, to be subsequently 
saturated by carbouiite of sodium. Boronatrocalcite ha« afco 
been treated with excess of hydrochloric acid, in order to obtain 
•crystallized boric acid, but neither of these processes has 
tutherto afforded satisfactory commercial results. 

The comparatively recent discovery of large quantities of 
this substance in Nevada will, no doubt, eventually to eomc 
■extent, affect the Tuscan producers of boric acid ; but the fhct 
that crude boronatrocalcite varies considerably in its composi- 
tion, and that it is found in situations in which its local 
treatment would be almost impossible, has hitherto prevented 
this mineral from being extensively employed as 
<if commercial borax. 
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SOME of our readers may have hpard of Arago'a famous sajiDg;^ 
in tlie " Anniiaire of the Bureau des LoDgitiides " for 18-16, 
" Jamais, quels que puissent etre les progrSs des sciences, lea 
savants de bonne foi et soucieux de leur reputation ne se hasar- 
deront a predire le temps," and yet, within fifteen years after 
that dictum was published, a regular service of storm waminga 
had been organized in England, France, and Holland; and 
now, at the expiration of thirty years, we could name more than. 
one "savant de bonne foi et soucieux de son reputation" who- 
considers the prediction of weather to lie a subject of investiga- 
tion which promises reasonably satisfactory reaiUts. 

When we speak of the prediction of weather, however, w© 
refer more particularly to the predictionof storms or of transient 
disturbances of the atmosphere ; for if we come to consider the 
problem of really foretelling weather for the pi'actical purposes 
of the farmer — of informing him, months beforehand, what 
crops he may put into the ground with a reasonable prospect of 
a paying return, or even days beforeliand, when he may cut his 
hay or reap his com with a fair probability of saving it without 
rain, we must admit that we have not made one step in advance 
of the position laid down for us by Arago thirty years ago. 
What is our most recent experience ? A rainfall in the month 
of December of 5-82 inches in London, being three times tho 
average fall in the month for the last sixty years, and exceeding 
by 16 per cent, the very heawest fall in December during that 
period. To go a little further back, the year 1872, in its wide- 
spread and persistent rainfall, was almost unparalleled since 
accurate measurement.'? have been kept ; the total excess over 
the United Kingdom amounting to 36 per cent, of the annual 
fall, and surely we might have expected that some years' respite 
from the plague of waters was due to us, — but what have been tbo 
real facts ? Only three years later, in the autumn of 1875, the 
ilnmage caused by successive floods exceeded anything that 
modern records sli'^wed : iind a short fifteen months later, in the 
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past winter, the whole of the low-lying lands of England have been 
submerged. Now, in March, the railway trains have just ceased 
carrying boats on Bome lines; and in <Scotland we hear of 
thousands of acres of the richest land lying fallow for the year 
owing to the utter impoasihility of working the soil in its present 
water-logged condition. 

Articles in the papers may repeat ad navscam that engineers 
are to blame for this state of things, and there can be no doubt 
that much more might have been done to regulate the water 
supply of the country than has yet been effected ; but, on the 
other hand, engineers may fairly retort " Forewanied would l»o 
forearmed," and ask why meteorologists did not give them eome 
hint of the deluges which were impending. 

Meldrum and others have of late devotx?d much attention ta 
the investigation of a supposed periodicity of rain according 
wth that of sunspot frequency, with some measure of success, 
but no one yet has, in his wildest dreams, imagined that be could 
forecast the amount of rainfall for a given district in England 
at the epoch of the next sunspot maximum. 

Talking about fioods, however, there is one matter wMuh 
deserves most serious consideration, and is far from encouraging 
for oin- future prospects. This is that, as a result of civilization^ 
floods are increasing in their intensity, the rainfall being sup- 
posed to be unchanged in amount. This appears most unmiiC' 
takably from the reasoning of M. Wex, the well-known hydraulic 
engineer of Vienna, and he is supported by other authoritieo. 
Rivers such as the Danube or Volga are gradually, but surely, 
becoming less andless navigable in the upper part of their couise, 
while the Hoods in the lower part ai'c becoming more and mors 
■disastrous. The reason of this is that the reckless clearing of 
forest land has altered the whole condition of the water flow of 
the country. The land, I>ared of its forest, can no longer retain 
the rain water which falls on it, and yield it slowly for tho 
supply of springs. The rain pours in torrents down the hill 
sides, sweeping before it soil, gravel, and boulders, which it 
deposits in tho calmer waters of the river befl, creating sfaoab 
unknown in more fortimate times ; while, at the same time, this 
rapid discharge of the water from the surface causes a delivery 
within a few days which wotdd have taken weeks or months t» 
complete itself under more primitive conditions. The water 
which should have lain in tho groimd as provision against the 
summer drought is discharged at once, to the immediate detri- 
ment of the lower country inundated by the rapid rise of the 
river, and to the prospective loss of the upper country, owing to 
the deficiency of water for navigation, or for the purposes of 
agricultural irrigation. 

In this country our forests disappeared long enough ago, bat 
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'erdraining eserts a similarly pernicious effect t^ the clearinff 
if woodlaDd. The upper proprietors deiuaud that the hind 
shall be drained aa perfectly as possible. Thereby the water 
Khich should have Iain in the soil for months escapes at once, 
and causes the river level to rise at the lower part of its course, 
washing the unlucky residents on itH banks out of house and 
home. 

This IB, however, a digression, and as to the prediction of 
wenthcr wc may say that it lias not at the present time beea 
"lown to be feasible to forecast weather for one short week, 

;cept on the principle, which affords us scanty consolation, 

at weather, when once well established, takes a long time to 
■rhange. This comes out very clearly from the researches of 
il. Koppen, at present engaged at the Deutsche Seewarte at 
Hamburg. He has shown in a paper in vol. ii. of tho " Russian 
liepertorium fiir Meteorologie " that if we investigate weather 
changes by the laws of probability we find that, as regards tem- 
perature, if a cold five-day period sets in after warm weather we 
may bet two to one that the next period will be cold too ; hut if 
tlie cold has lasted for two months, we may bet nearly eight to 
that the first five days of the ensuing month will he cold 

:ewise. This does not mean that the chances are in favour of 
weather never changing, but are only against its changing 
a definite day, and increase with the length of time the 
caiEting weather has lasted. The problem is somenhat similar 
to that of human life: the chance of a baby a year old living 
lanother year is less than that of a man of thirty living to In- 
thirty-one. 

There is one very interesting idea which, if it could be worked 
out, would be of great value to ua, and t hat is that we could fore- 
see the coming of such a winter aa we have just passed through 
if we had regular and early information as to the state of sea 
temperature off the coast of Portugal during the late aiitrimn. 
Franklin, in 1776, traced the Gulf Stream right across th., 
Atlantic in November, and found a temperattu-c as much jis i'-.j 
above the mean for the month at one spot in about 10° W. and 
■15° N. Xow in Jimuary 1 822, H.M.S, Iphigenia, nearly on tlio 
same spot, found a temperature .I'-a above the avcnifje in 
44° 30' N. ; the difference increased to 6° in 33° N., and jiijniH 
diminished to 4° in 32° 20' N., while at the same pcrio<l the 
general temperature in the adjoining parallels, hoth lo the 
northward and the southward, even as far as the ('ape \'frdc 
Islands in 1 9° 40", was colder by a dogr«' and iipwnnjn than tlii' 
usual average. We quote from Sabinc'd " Pendulum nnrl othT 
Experiments," p. 430. ITie same writer goes on in tuy ; •* .NV.r 
is the probable meteorologicalinfluence undeserving of attenlioD 
lOfso considerable au inoreasc iu the temperature of the *ur&uio 



water over an extent of ocean exceeding 600 miles iu latitude 
and 1,000 in longitude, situated so importantly in relation l* 
the western parts of Europe. It is at least a remarkable coin- 
cidence that iu November and December 1821, and in Janiiaiy 
1822, the state of the weather was so unusual in the southern 
parts of Great Britain and iu France as to have excited general 
obfiervation. In the meteorological journals of the peri«id it is 
characterised as ' most extraordinaiily hot, damp, stormy, and 
oppressive ; ' it is stated that ' an unusua! quantity of rain foil 
both in November and December, but particularly in the latter ;' 
that ' the gales from the W. and SW. were almost without inter- 
mission,' and tliat in December the mercury in the barometer 
was lower than it had been known for thirty-five yeara before." 

Now if we compare these statements with our experience of 
the winter we have just come through we shall find that the 
principal features in 1821-2 to which Sir E. Sabine refere were 
manifested in an exaggerated degree in 1876-7. We are told 
by Prof. Daniell that the mean pressure of December 1821 was 
considerably below the mean. 29*467 in. is given as the value, 
but it does not appear whether these figures are reduced 
to sea level or not. Now the mean pressure of last December 
was 29*486, Iwing nearly half an inch lower than its svera^? 
figiu-e for the month, 29-943 ins., as given by Buchan for eighty- 
nine years' ol>ser vat ions. The extraordinary low reading in 
1821 was 28-12 ins. December 24; and wo had 28-33 at 1 1 a.in. 
December 4, 1876. 

As regards the rainfall, the subjoined figures will show how 
much worse off we are now than our fathers were in 1822. ITio 
actual figures for London for the respective periods are — • 
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November . 

December . . i'82 . 

JHnuary . , . 0-U4 „ 

February. . . 008 ,, 

Totnl tot four montb» lO'SiJ ir 



l4>S7ii 



M>3 ., 

I't'l „ 



7-03 ii 



We have, therefore, had nearly double our average qui 
given by Jlr. Dines, and four inches more than fell at tholj 
period fifty-five ycjirs ago, and attracted so much attentioEM 
As regards extraordinarily high temperatures and sucoe88iw( 
valence of storms, we need hardly say that Sir E. Sabinafl 
Mcription fulls short of our recent experience. i 

Now let us see what tale we have to tell of sea tempnratnw I 
in the autumn to compare with the experiences of l-'ranklin and 
of Sabine. It is too early yet for us to have reeeived all o 
information for so recent a date, as the loga of milwaiil liound 
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_ ! will not reach tlie Meteorological Office for months to 
De, but thus much may be said :— Two experienced captains, 
> have been traversing the part of tlie Atlautic in question 
r several years back, have independently informed me that, 
'ollect to have met with so higii a temperature of 
I sea water in the neighbourhood of the Azores in Novem- 
• as they observed last antumn. As to actual observationst 
ptain R. D. Limham, a most trustworthy observer, reports 
on Novemfjer 1, nearly on the very spot where Franklin 
I fil'^iifet 100 years ago. 

Thia instance would, therefore, appear to confirm Sabine's 
K>ry. He goes on to say : " There can be little hesitation in 
ributing the unusual extension of the stream in particular 
R to its greater initial velocity, occasioned by a more than 
y difference in the levels of the Gulf of Mexico and of 
B Atlantic. It has been computed by Major Renni;ll, from the 
1 velocity of the stream at various points of its course, that 
Itthe summer months, when its rapidity is greatest, the water 
a about eleven weeks to run from the outlet of the Gulf 
ico to the Azores, being about 3,000 geographical miles ; 
1 he has further supposed, in the case of the water of which 
I temperature was examined by Dr. Franklin, that perhaps 
I less than three months were occupied in addition by its 
I to the coasts of Europe, being altogether a course 
iding 4,000 geographical miles. On this supposition the 
let of the latter end of November 1776 may have quitted the 
'f of Mexico, with a temperature of 83°, in June, and that of 
Vti&ry 1822 tflwards the end of July with nearly the same 
■nperature. The summer months, particularly July and 
just, are those of the greatest initial velocity of the stream, 
jause it is the period when the level of the Caribbean Sea and 
e Gulf of Mexico is moat deranged. If the explanation of 
1 apparently very unusual facts observed by Dr. Franklin in 
P76 and by the Iphigema in 1822 be correct, how highly 
irious is the connection thus traced between a more than 
inary strength of the winds within the tropics in summer, 
isionlDg the derangement of the level of the Mexican atid 
iribbean Seas, and the high temperature of the sea between 
e British Channel and Madeira in the following winter." 
\ It need not be remarked that it will be a matter of the 
itfbest interefct and importance if we can, by observations 
iten on the Equator months before, draw conclusions as to the 
iracter of our coming seasons. If this should turn out to be 
■ should have tiaced the history of our weather a few 
steps further hack, but should not even then have discovered 
the absolute causes to which its changes are to be ascribed. 
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sliould dmp'y be gaining earlj information, witliout prophesyiiif 
at all. 

In tbi^ connection I may mention, without in any <nj 
pledging myself to its correctness, an opinion which hu 
repeatedly been gtated, and of late has been cit«d by one of the 
ablest scientific men in Australia, that the weather of those 
colonies appears, aa he says, to follow in the wake of European 
weather : that a wet winter here means a wet winter for tbem 
during our summer. This seems to he rather inexplicable 
unless on the hypothesis that other influences are at work, inde- 
pendently of the earth's motion in her orbit ; but even then 
there seems to be prirrM facie no reason for thinking that the 
southern hemisphere should generally follow the aortbem instead 
of precedin)^ it. 

So much, then, for forecasting weather on a grand scale ; and 
we must say that from one point of view it is fortunate that 
nothing of the kind has yet been att«tDpted. If we were able 
now to furnish any grounds for an estimate of the probable 
yield of the chief corn-producing countries at the coming har- 
vest, the lives of meteorologists would be a burden to them from 
the constant applications to them from corn merchants Bnd 
others as to their prospects of successful speculation. I do not 
for one moment mean to say that it may not be possible, say in 
India, to form highly valuable predictions of the probable chs- 
meter of a coming season, and so to anticipate fajnine'; but in 
this changeable climate any idea of the kind is utterly Utopii]] 
in 1877. 

Let us now turn to the subject of what are ordinarilf 
tenned weather forecast*, the practical manifestation of whioi 
is the issue of storm warnings to seamen and farmers. 

When Le Verrier proposed to Sir G. Airy an international 
system of storm warnings, he used, in a letter dat«d April 4, 
I860, the following words: — - 

" Signaler un ouragan d^ qu'il apparaitra en un point it 
I'EuTope, le suivre dans sa marche au moyen du tel^graphe, A 
informer en temps utile les cotes qu'il pourra visiter, tel dens 
4trele dernier resultat de I'organisation que nous poursuivoiB.' 

This is a far more modest prospectus than that of the un- 
ofBcial weather prophets of the present day, who announce fitt 
days beforehand the changes which are about to supervene, and 
even in some cases the precise number of hours of fine weath« 
which may be expected on the day following their prophecy. 

Admiral Fitz-Roy also was not content with Le Verrier'* 
programme, but announced his readiness to forecast the weattitf 
ibr three days in advance. A signal hoisted by his ordera indi- 
cated a probability of a gale occurring within the next tbrw 
daVB at the actual part where it was hoisted. Accordingly 
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a the results of his syatem iire compared with those obtained 
at the present day, the fact of the utter dissimilarity of the two 
methods of w.imiDg is entirely ignored. At the present time 
the signals only cover the period of forty-eiglit hours, but they 
are held to be justified by the occurrence of a storm anywhere in 
the neighbonrbood of the place where they are exhibited. It 
is therefore clear that the two systems are not, in the slightest 
d^ree, intercom parable. 

If we look at our present position as regards stnrm warnings, 
and compare it with Le Verrier's proposal of sixteen years ago, 
we see that that still describes very fairly the extent of our 
weather knowledge. 

W hen we see that a disturbance of the atmosphere actually 
exists, we can issue intelligence of the fact to the distriete 
likely to be affected by it, and the value of such warnings 
depends on the correctness of the ideas formed by us as to the 
character and extent of the disturbance itself — by this is meant 
particularly the point or points whence the wind will blow, tie 
force which it will exert, and the area it will cover^the direc- 
tion of ita advance, and the rate of its motion. 

On all these points there prevails as yet a great amount of 
ancertainty ; but that, on the whole, a aatisfactory result of the 
system is achieved appears from the fact that a total percentage 
<rf success of warnings of strong winds exceeding 75 has been 
maintained for the last four years, while of actmU severe gales 
following warnings the percentage is as much as 44. 

It therefore appears that warnings are more astray on the 
ground of over-precaution than of negligence ; but yet it woidd 
be absurd to deny that in almost every year some of our very 
severest gales have eome on us suddenly and swept much of 
the coasts before any warning has been issued. 

This is mainly owing to the fact that the funds available for 
the purpose will not allow of sufBciently frequent communica- 
tion between the outpost* and head-quarters, and that much 
time is always lost in the necessary telegraphing to and fro. 

It has repeatedly been urged on ua that we should institute 
a regular service of telegrams from America, but we had for 
some years such a service with Newfoundland, and derived 
little benefit from it. What would really be of value to us 
would be that a thoroughly competent meteorologist on that 
dde should telegraph daily a general resuniS of the weather 
prevailing on the Atlantic seaboard of the States, with intelli- 
gence of any distiu'bances leaving them which showed signs of 
an intention to cross the herring-pond. This has been at- 
tempted of late, with some measure of success, by the " New 
^Y<ffk Herald," which prophesied a storm on our coasts for 
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February 19, a prediction which wa^ amply fulfilled, but not it 
all in the way at lirst anticipated by those who read the tele- 
gram here, for the gale was from the northward, while the 
wording of the message would have led lis to anticipate a 
southerly gale. 

Since that date several other telegrams have been received 
which have, for the moat part, met with fulfilment in a greater 
or less degree, but have all possessed the same capital defect 
for practical purposes, that they have been too vague aa to 
date, and have given no hints as to the direction whence tilt 
gale would blow. 

Both of these are most important particulars ; as to the 
direction of the gale, a doubt on this head may make all the 
difference in deciding whether or not such an anchorage will be 
safe ; as regards precise time, a wanting hoisted too soon tusy 
make a coaster miss his chance of a short run, or cause a fishes 
man to lose his night's earning. In either case the system 
falls into discredit, and the warning is disregarded when next 
hoisted ; " Wolf I wolf I " having been cried too often. 

The non-seafaring public have very little notion ofthedii^ 
ferent lights in which warnings are regarded in seaport' fowns 
and among ordinary landsmen. In some ports which could be 
named the system is not in operation because the authoritieg 
think the signals would frighten the fishermen. At one plaee 
the flymen of the town succeeded in putting down the warning 
system, because none of the visitors would take a drive while 
the signal was flying ; and lastly, at all places the interest of 
the shipowner, and to some extent of the captain, is against th« 
warnings, for the fact of the exhibition of the signal is sufficient 
to make the sailor plead stress of weather, and betake himself 
to the public-house bar. 

It appears therefore that it is not a simple question of 
annoimcing to every port in the kingdom the weather which is 
coming; but yet, through evil report and good report, tbd 
system established by Admiral Fitzroy has made good its foot- 
ing, and is steadily growing in popularity and usefulness. 

We have mentioned warnings for agricultural purposes, hot 
our space will not allow of oiu- treating this question at any 
length. They are in full operation in the United States, but 
there the area covered by the telegraphic system is so muoh 
larger than in Western Europe — irrespective of the fact of the 
system being military, and provided on a most liberal scale 
ivith funds— that the results attainable there fiunish no pre- 
cedent for us. 

Warnings of this nature were organized in France last year, 
but we have not as yet seen any results of the system. The 
great difficulty here is to insure tliat the message comes to tlie 
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knowledge of the farmer. As the cost will not allow of the 
mountain, or the telegram, going to each individual Mahomet, 
it only remains for Mahomet to go to the mountain, or the 
nearest telegraph office, every day, and " govern himself ac- 
cordingly," to use Mr. Ayrton's phrase. The question in such 
H case is. Is the play worth the candle in our uncertain 
climate ? 



REVIEWS. 
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THE FERTILIZATIOX OF OKCHIDS.* 

AMONG ihe poinu raided by Mr, Diirwin in his celebrated work " On thi 
Origin of Species " was Uie di>ctrine of tlie necesutj of frequent 01 
occaaional crose-fertilizHtion in Iha case eyen of plunta whose flowers cofr 
tain both Btnmeoe and pmtils vitbia the same set of enr^lopeA. Sevenl 
interesting cases in illustmljon of this principle were subeequentl; brought 
forward by Mr. Darwio bim.self : and in our Ltst number we called attention 
to the publicatioii by him of a most importAnt series of observations in which 
the beneficiAl effects of aucb intercroasiog, usually effected in Datura by 
insecU. were demonstrated beyond a doubt ; but the first indep«Ddent work 
in which the subject was treated by Mr. Darwin, was hi:^ treatise on the 
fertilization of orchids published in 1862, a second edition of which, embrtf' 
ing the later researches of the author, and the results obtained by many other 
observeni, has lately appeared. Although this is only a second edition, Ihs 
interest attaching to the subject, and the length of lime that has elapsed 
since the appearance of the first editiou, induce U3 to give aaonwvhat 
lengthened notice of it. 

Whilst there whs much A priori probability in the sssumptioD thsttt* 
occasional cross-fertilization of hermaphrodite flowera wasalawof natan^t 
probability which received strong support from the observations of Ui. 
Darwin and others upon various plants, and the part played in the pnotM 
by insects was not rcry doubtful, seeing that in most cases the tnQuence t^ 
the wind could hardly be involved, and it is a innlter of daily axperloict 
that flower-hnunting insects are constantly dusted with pollen whioti tksf 
must necessarily convey from one flower to another, it was still a mtbwof 
connderabla interest to find some plants in which this method of fecuBdatito 
was a demonstrable necewity. Curiously enough the nbsolute erideiK* 
required was first obtained by the aindy of a group of planto in whid) tb« 
flowers are so singulnrly constructed that the stamens and pistils appsn U 
form n single organ, and in which therefore the conditions for self-impn^ 
nation might at the first glance be supposed to be specially secured. Is t£« 
orchids, in fact, the two cells of the usually single nntber ore imbedded in a 
portion of the pistil which stands up almve the effective stigms, the whole 

• " The A'nrious Coulrivaoces by which Orchids are fertilised by InteM." 
Rj (Jharlea Darwin, M.A., F.R.S. A Sacond Edition, terised. Sm. 8n), 
l^ndon: John Murray. 1^77. 
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of which the near half ia cut awnj, bs veil na Che upper portion of ilie n«nr 

»idB of the DBTtarj-. 

B. Fnnt view of flower, with nU the cupnln nnd petuls remoTed, eii-ept (he 
Ubellnm. 

C. A single potlininm or poUen-mnsa, nhoving the packPlH of poUeo gisiui 
the eaudicla (c), nod rmcid dine: {d). 

IK Front view <iif the discs &ad cnudicles of both pillinm within the ruat«lllU 
with its lip deprfsneil. 

E. 8ocIJon through one aide of the rostellnni xn a diris^ion from front tn Ixu 
the flower, with the included disc md the caodicle of one polliniuni. 

F. Packei" of pollcti-gniitm, liouod logetber ]>y eUatic thruaiif. which an 
■hown as Htretched. 

.% For the iwe of thene Diid llic fullowiDg illnatraiioDfi we nro indebted I'. 
kindnvs of Hr. John Murmy. 
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fiiroiing n body which received from the older boUnieti tlii^ name of th* 
"column/' and ulthough, in Bome eaues, theee flowers Are telf-iQ]|itegTutaiig, 
fertiliiatioD is always etTected bjr the escRpu of the conteDlA of ihe antbd 
cella from the earities in which thej were imbedded, before their contact 
with the stigmatic eurfnce. This, indeed, was understood bj Sprengel and 
some other old botaniaUi, hut it was reserved for Mr. Varwin to demoDetnte 
clearly the proceea by which the feeundatlnii ia perfurmed. The description 
of what tabes place in the common orchis (Orchie tnn$ciila) will eerre to 
explun the general cature of these curioua phenomena. 

In Orchil mnieiila, the well-known I'urple Orchis of oar meadowy the 
(tigmaieabilobed viBcid surface eituated on the front of the pis^l (^in Gg- 1), 
immediately beneath a projecting, pouch-like proceai (r) called the "roslel- 
lum," nbove which is the antber («) coDsiating of two separato cells, each ooo- 
tiiininga coberent uiobb (p) of pollen, or " pollinium." ThepoLlinia, which, 
when mature, are exposed byaloofptudinnislitintbeceUeointiumng then, are 
composed of a number of wedge-shaped packets of pollen -graine, nniled hj 
*iceedingly elastic, thin tbrenda [»ee fig. 1, f), which combine [cwards the 
tower part of each pollinium, to form a atrugltt elastic stalk (c), the " cau- 
diole." The lower extremity of each caudiele is attached to a small disc of 
membrane (d) forming part of the superior and posterior covering of the na- 
tellum. The latter is a nemly spherical projection, which, at an early period of 
iu growth, consists of amnes of polygonal cells, which soon become converted 
into two bnlls of extremely viscid, semi-fluid matter, destitute of all Etructut«, 
lying quite freely within the rostellum, except at the back, where each of 
them adheiestooneof thosmall, membranous discs (dj, already mentioned w 
having the caudicles of the pollinia attached to them on their upper lartacb 
Theae discsareat first continuous with the rest of the membrane endosangtlie 
rostellum, but the slightest touch eulSces to cause IhU oiembnue to split b 
certain definite lines, when, if the membrane of ihe front of th« MRtellnm it 
pushed down, the two viscid halls which it enclosed are at once expoMd 

This is the mechanism ; it« mode of action is as follows : — " Suppose id 
insect," says Mr. Darwin, "to alight on the labelliun, which forms A good 
landing place, and to push its head into the chamber at the back of wbicfa 
lies the stigma, in order to reach with its proboeds the end of the nectaif. 
Owing to the pouch-formed rostellum projecting into tbe gangway of Ae 
nectary, it is scarcely possible that any object con be pushed into it wilhoat 
tbe rostellum being touched. The exterior membrane of the rostellum ihai 
ruptures in the proper lines, and the lip or pouch is efl»ly depressed. When 
this ia effected, one or both of the viscid balls will almost iufallibly tooci 
the intruding body. So viscid are these balls timt wbsterer they tondi thtj 
firmly stick to. Moreover the viscid matter has the peculiar ch«niicd 
<|aalily of setting, hard and dry, in a few minutes' time," The eunu effect* 
may be produced by pushing tile pointed end of a pencil in the direcliOB of 
the nectary ; the viscid balls immediately adhere to it, and as tbe actlict* 
cells are already open in front, the withdrawal of tlie pencil or of tlie lnwet% 
head, at once removes one or both of the pollinia, which may be pulled OD^ 
firmly cemented t<i the object and elicking up from it like horns (fig. S, i), 
Aud owing to the position which they occupied in ih^r cells, they diveip k 
little from each other when thua extnoated. It in clenr that if on insnet tfttf 
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plusdemg the neclaiy of one flower, fliea awnv to visit anolber, it will 
iDsert the pnlliaium or poUiuiH tbnt it may hnve Ej:tra(.'tcd from tho iirat 
into the carrespoaditi); part o( tbe second, and, as Mr. Darwin remarhB, thn 
&tt«cbed poUinium would simplj be pusbed into its old position, entirely 
avoiding tbe aligma, whicb is sitiiftlad immediately below. To pet over this 
difficulty one of the most retunrliRble '* contrivBDCeii " of tbe whole series 
comes into pUy. It is described as follows by Mr. Darwin :— " Though tbe 
viscid Burfiice," he brjb, " renwins iuimovsblj affixed, the apparently inaig- 
oificnnt and minute disc of membrane to whicb tbe caudicla adheres ie 
endowed with a remarkable power of contraction, which causes tbe poUi- 
nium to sweep through an anjile of about ninety degrees, always in one 
direction, viz., towards the ape:i of the probosda or pencil, in tbe course of 
iLirty seconds on an average. The position of tbe pollinium after the 
tuovement is abown at B in fig. 2. After this moveaieut, completed in (ui 




Interval of time which would allow an insect to fly to another plant, it will 
be seen by turning to the diagram (&g. 1, a), that if tbe pencil be inserted into 
tlte nectary the thick end of tbe pollinium now exactly strikes tbe stigmatjc 
•nrfsce.'' Tbe viscidiry of tbe surfuce of the stigma causes the pollinia to 
tdbere to it ; but the peculiar composition of the latter, consisting as they do 
of numerous packets of pollen-grains held together only by slender threads,* 
renders the breaking up of tbe pollinium an easy matter. Ilence only a 
tnuU quantity of tbe poIlen-grRins remuna att«cbcd to the stigma, and tlms 
a poUinium attached to the bead of an insect may be applied sucoensicely to 
•ereral stigmas and fertilize them all Mr. Darwin aaya that be has often 
•een the remains of tbe pollinia of another species of OnJUt " adhering to tbe 
proboicis of a moth, with the slump-like caudiclos alone left, aU tbe pachett of 
piillen having been left glued to tbe stigmas of the aucceasively visited flowers." 
or tbe reality of this process no doubt can be entertained. The actual 
pbeaoinenB of tbe removal of tbe pollinia may be produced experimentally, 

• It is evidently to tbe uegree of coherence of the pollinia, and not, as 
Hr. Snrwin seems tu think, lo the degree of rUctdily of tbe sligma, ihat 
the brraking up of tbe former is to be ascribed. 



M kliMdj in^cated, b<r the iiis<Ttiiu) of EOrae mlubk pointMl objtct mla 
tb« orifiM of the nectuy in the common porple orchi* : aftc* tbcu raBonl 
tlw chuEB of |KMition mttj be dbectij obcCTred ; the bet that the v)iti» of 
theao operatjoiu lire effected in nature b; tiie Bgmcj of inwcta, is df^moBitntad 
bj tbe h«quent prewnce upon their heads and prcboMideo of the pciUinia of 
vwioni ipeciee of orchids : atid these facti, coupled with the piititiao osaumed 
b; the poUioia when thus attached, adapting them for beiof; brought ioln 
diivct contact irith the gtigmaa of other floiren, and with the impasnbilitv 
in miHt specie* of tbe pollen reaching the aligma hv anj other means, mar 
be regarded as funitsbing an irrefragable bodj of eridencp, from which we 
mtj with no great difficult; infer that the vhole of thuse contrivances, lO 
wooderfullj correlated as the; are, aiw directed lo one special object, nainel; 
the fecundation of one plant bj the pollen of another. For the advfintagta 
gained bj the intercrossing of distinct individuals of plants, the reader mar 
consult Mr. Darwin's book, '' On Cross and Self-fertiliiation," noticed in oat 
last number, in which one side of tbe question at all events is throira into 
high relief; perhaps the brondesi and most general effect of this 
of indiiiduals of tbe same a pedes ieto keep the speciaa " tme," bj ita 
cncy to elToce indiBerent indiTidual variations. 

llut whatever opinion we maj form aa to the purpose in nature of thn 
apparent necessity for at least an occasional intercrossing of individuals of 
tb* NUne Bpecies of plunts, there can Ik no doubt that in neafljr all the 
orchids we find what mny be exiled most careful provisions made to secuie 
that the fertiliiiation of the ovules in a given ovar; shall not h« effected bj 
the pollen of the same flower, nor in a general way, bj that of the stune 
pUnl. The nuniber of known self-forliliiing species is very small j they 
will be found referred lo in Mr. Darwin's book. In all the rest the floirar 
shows "contrivances," as Mr. Darwin calls them, for securing the remov^ 
of tbe pollinia by insects visitinf; the flowers, although the pT«dse natan 
of these arrangements is by no means tbe same in all. 

tievDTftI apecieti of Orehw show the same arrangements as Ofchig nuuefJ* 
Jtist described, and it would appear that bees, humble-bees, and (lies are tb« 
chief agents in transporting the pollinia of these species. In tbe Pyramidsl 
Orchis (O. pyramidaUt) the general arrangenient of the parts is very nmilir 
to that which uccnrs in O. matci^, but the caudicles of tbe pollinia, instettl 
of being attached to two separate) membranoiii; discs separated from Aa 
upper and posterior suri'acc of the rostelluoi, are alGxed to a single saddlt- 
like piece, representing the two discs above mentioned united, and tin), 
wbicii Is also strongly viscid beneath, not only ndberes by ita under autbct 
to the object that sets it free by pushing down tb» poucli of the rostoUnnt 
but actually clasps and embraces tbe object, which, in nature, is usually tb« 
proboscis of some moth or butterfly. This clasping not only olds in &tiag 
the pollinia to their means of transport, but also serves to priKJura a diT*f> 
gence of the pollinia, which, by this means and by tbe sulisequent contnw- 
tion of the nienihrsne (as in 0. maiculo), are brought into a proper potllina 
for contact with tbe stigma of another flower. Tbe mollis and butterfii** 
which frequent these flowers, are actually compelled to insert the probosda 
into the nectnry in such a direction as will bring thero intocnnlnct with tW 
rostellum, by nionus of certain guiding plates pliieod on the labellum, nad In 
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ibis way as they go from flower 
three or even morepairsof pollinii 
laduoaa) had do fewer than sevei 
eleven pnlis o( poUinia attached i 



Ui flower, they often accumulate two or 

. One specinion of a nootuid moth (Aamtia 

(aeu fig. -1), and a specimen of a Caradrina 

the proboscis. " The proboscis of this 



litter moth," esys Mr. Darwin, " preBentRd an pxtraordinary nrhorescent 
Appefiruti(«. Tlie SRddle-formed dlaa, each benrinj^ a pair of pollinia, 
adhered to the probosins, one before the other, with perfect symmetry; and 
this foUowa from the motli having always inserted its proboscis into the 
nectary in exactly the same manner, owinfi' to the presence of tlie guiding 
pUtes on ths labellum. The unfortunate CaradnDa, with its proboscis thus 
enctunbered, coulil hnrdly have ronclmd the extramity of the nectary, and 




would fioon have been starved to death. Both these motha must have 
ancbed many more than the seven and eleven tloweie, of which they bore the 
Ijophies, for the earlier attached pollinia liad lost much of their pollen, 
■honing that they had touched many viscid etigmas." 

From the examples furnished by these common British orchids, the 
nader may understand the general principle upon which the fertilization of 
iha seeds is eltected in the plants of that family. The process throughout 
b tba totue, modilied in certain details, but always, except in the few 
spedM known or supposed to be self-fecundaling, involving the attachment 
uf a disc, forming part of the roatellum and bearing pollinia, to some part of 
the head of an insect, which thus conveys the fertilising agents to other 
Howers. We shall not attempt, nor indeed would oitr space permit us to 
foUnw Mr. Uarwin thrDU^b his description of the details of the process in 
the viuidus groups of orchids; for while any such attempt could only prove 
n failure, it inifcbt alio have the eifect of inducing our readers to avoid the 
pvru>«l of one of the most charming natural history boohs that ever issued 
from t:ie prens. Otherwise we should have liked to give some account of 
the case of CaiasHum, one of the most curious and interesting of tbe wbole, 
in which tbe pollinia, attached to a common pedicel, which in its turn is 
attached tu a viscid disc, are actually, as it were, shot out, disc forwards, as 
siwn M any object comes in contact with the tentacle-like organs which 
ber« represent the rostetlum. The whole of that portion of M.r. Darwin's 
bock which ia devoted to the description of the observed phenomena will be 
mad with the greatest pleasure by everyoue posaesaiiig some taste for 



iiulurfil-liistor; studies, and ita pei-UEnl will open up a trraBurj' ut &wh 
intureBI Tor those who huta tktt npporlmiilj of praclically followiug ou 
course of obBerraUooB detuiled in it 

'i'faf! volume, moreover, ctiataiDS diewrtations upon Tsrioua quettiou 
which ariee naturnU]' Trom the cousideriitioD of th« pbenouieiu to whicb 
we have bfielly and tery iuiperfactly CBlled Kttention, questions which inUil 
possess great intereat for the ^teutific botAuist, such at the actual homo- 
logical ezplsniitiun uf the stiuoture of the flowers in the group of Orehidt, 
tlie gradatioDB in the mode of deTelopmeut of thfir various orgaai 
vSects of the reco^itiou of these gradatioDS upon the phjlogen^ at tlio 
group, and the uechnnisin by which the peculiar pheuouifon of ibai' 
fecundation are brought about. To enter upon way detMled exposilioi 
the results of Mr. Darwin's investigations in these various directions would 
occupy much more space thnn we have nt our disposal, and we must ther^ 
fore refer the botanical reader to the book itself, which is cerlaialj one of 
the most fascinating volumes that it has ever been our lot to study. 

This second edition has received very considerable addiiioue, not only 
ariang out of the author's own observations, but also derived from the ■ 
numerous memoirs which bavo been publiiihed on the subject siuce 
Darwin first called attention to the curious facts revealed hj the JnresI 
tion of the orchids, some fifteen years ago. The illustrations, which UB 
nearly the same as those primed in the first ediiion, have received > 
few additions; they are very carefully selected and executed, and aetr 
render all the details most readily intelligible. 



THOME'S TEXT-BOOK OP DOTANY." 

PROFESSOR THOME'S " Test-book of Dotanj." which, as the Editor, 
Mr. Bennett, tells us, is the recognized book in use in the teohnl 
schools of Germany, will uo doubt meet with grent and well-dessrved * 
cesa in its Euglish dress. Its desciiptions of structure are •xceedinglvolMt 
and intelligible, and the arrangement of the subject will he found to c(n- 
dace greatly to a ready understandiDg of the Internal and external nnat 
of plants, in ^hicb the student will lind further assistance in the mf 
numerous and excellent il lustra tiuns. In this and ihe physiulogiciil sectioti 
Mr. ISennstt has closely followed the German original, appending; nsw td- 
ditional ioformaUon in the form of footnotes. But iu the euecse' 
chapter, which treats of the lucrphology of plants, and the clasuScition 
founded upon it, the Editor has deported from this rule, and while leudn- 
ing his author's tfeatmeut of the Cryptogamin, he has iutroduced a clai 
cation of the flowering plants in accordance with the sjstcui most generally 
accepted in this country. The sections ou Palwophylnlogy, and on lb* 
geographical distribution of plants, although brief, are good ; and th* iMUi 
is illustr t d by 1 ured map. 



Thom<5. T anslated and Edited by A. W. Bennett, Al.A.," Ac. 
London I ngmea 1^77. 



MK. DARWIN'S GEOLOGICAL OBSERVATIONS.' 

IN piiblishin^ the voliime of "Geologicnl Obsarvationa" now before u». 
M.t. Darwin Iisb perfonoed ft feat parallel to that of tbe elder Mr. 
Sbandy, wbicli, m that irentle man's son tells ui<, was cakiilated to mnke tbe 
man in the niuon beitt bis breast in despnir, and apoetropbiie tbe "eternal 
Maker of all beingn " to know -why the moonitea should be incapable of auch 
ingMiious Hight*. He has brought out a second edition of a book of wbicIi 
Ifce Stat never appeared. Tbe volume, in fact, contains a reprint, apparently 
without alteration, uf two treatises published bj Mr. Darwin shortly after hi!i 
TCtutn from the exploring vojtt^e of tlie BemjU ; namely, his " Geologicnl Ob- 
■erratioDS on Volcimic Islands " and bis " Observations on South America," 
which appeared respectivdy in 1844 and 1846. 

Both these works have now been out of print for some time, and as tbe 
observations described in ihem are of tbe highest imporlance, and the booli.v 
ihemsalves are eonslantlj refarred to in all general treatises on geolo^, 
their author has certainly conferred a boim upon amdcnts, whose only 
chance of obtaining them was the picking up of an occasional second-hand 
copy, by republialiing them in so convenient a form. T)ie only thing wo con 
wish is that, as the knowledge of the volcanic rocks baa made such pro- 
digiauB strides uf lale years, Mr. Darwin had appended to the tirst of theae 
uvoliaea such notes ns would have sutficed to bring the statements contained 
in the text into accnrdance with modern views and nomenclature. Tha 
BWpfl and illuetrations are the same as in the original edition. 



TUE PUZZLE OP UFE.t 



■ iltElE object of the author of this little book is to furnish children with a 
J- sketch uf the ^neml (acts of geology and palteontology, and tbe meaning 
of it» titlu may be explained ai follows : The various fossils nbich give ua 

■ notion of the succession of life upon tbe earth are compared to the " pieces " 
of a dissected puzzle, and the outline of geological facta fumiahea its 
" framework." The idea is a happy one and will recommend itself to 
children; and we are bound to say that Mr, Nicola has carried out his idea 
remarkably well, and produced a work which will do much to spread sound 
Dolions upon the irradual development of our earth and its inhabitants to ihe 
condition in which we now see them. n«re and there, in bia anxiety to 
oialce a point, Mr. Nicols travels a little beyond his tether, as when be gays 
" that it is not untrue to call coal ' compressed sunlight,' " a remark which 

" Qeological ObHrvations on the Volcanic Ulnnda and part« of South 

mat, »isit*d during the voyage of H.M.S. Iti-ai/le." By Charles 

[ Ilanriii, M.A., F.RS. Second Edition, with maps and illustrations. 8va. 
London : Smith, Llder ft Co. 1^76. 

t " The I'uiile of Life, and how it has been put together ; a short History 
of ^'egetable and Animal Life upon die Earth from the earliest times, includ- 
ing au account of Prehisturic >Ian, his weapons, tools, and works," By 

■ - Xicols, F.R.O.S. Sm. »<vo, London: Longmans. 1677. 
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ntPDIiAS 8CIBK0B BSTIRW. 

Tequires h) be bilien with ninny (crfUDS of * suit nliich will hiirdly be U tlie I 
comniuid of his youthful readers ; and when he pri>po8es to give to " bUch- I 
lead " the name of Eodaidron, or the " dnwn plant." The application of the I 
term " Lilliputian giants " to th" Foraminifem is an absurdity which we bop« I 
the author inaj have a speedy opportunity of getting lid of, i 
others, in a new edition. The illnstra^ons are of the ordinary character id I 
elementary geological books, and neither good nor bad in their esecution, I 
but we would suggest that it is not desimble to figure an Ammonite from tba I 
Inferior oolite as a Cretaceoua fossil ; and that the skeleton of the uiainmoth I 
would look better with jointed toes in his feet than with blocks of wood, I 
especially when hie living outlme is indicated en iMouetU, On the wUolS) I 
bowerer, we can safely recommend Mr. Nicols' little book as one that n" 
have a most beneficial effect in opening the minds ofila young ri 



TiiE nisTony of life on thk earth.- 

rS youthful student, after mastering Ihe contents of Mr. Nieol^ Stlla 
book, may, if he feels that way inclined, cantioue his atudiea in (hi 
same direction under the guidance of Professor Alleyne NichoUoB. That 
gentleman's " Ancient Life-history of the Earth " in fact covera preciady 
the same ground as the elementary work just noticed, although of ooum 
the subject is treated in a much more scientific fashion, and in much greatei 
detail. 

Dr. Nicholson's book, although at the first blush it might seem to be 
merely a I'lchaufff of hia " Manual of Falmontology " aeiTed up in S nc« 
dish, and with a different arrangement of the parts (a sort of publication U 
which we are pretty well accustomed nowadays), is in reality a new boobi 
and one which will be exceedingly useful to students, and espedallf to tham 
who are carrying on geological and palieontological investigations Jn mon 
or less isolated situations. The great body of the work consists of a hiMoi7 
of the different formations of the earth's crust, as illustrated by their (baiDUi 
and in preparing this, as a matter of course, the materials contained to bu 
" manual " must have stood in him good stead ; but the stratigmphical mode 
of arrangement of these materials has compelled the author to give a geneal 
sketch of the chamcters and aubdiviaions of each of the great geological 
formations ; and these successive sketches, although necessarily very bfitf, 
convert his present work into a manual of stratigraphical geology, diltia- 
guiahed from other works of the same nature chiefly by the great pra- 
minence given to the palieontological side of the subject. As an introdncliiui 
also, Dr. Nicholson has given hia renders an outline of Ihe principle* of 
physical geology so far as these are necessary for the due comprehension of 
the special subject matter of his book, and this appears to be written witb 
great fairness, and with a clear appreciation of those points which loaj In 
regarded as still tshjvdiiv. 

* "The Ancient I.ife-Bistory of the Earth: acompi«heu8ivi^ outline of li« 
'~"~'"'"s and leading facts of Paleeontolo^cal Science." By II, Alli^ae 
'^D., D.Sc, &C. 8vo. Edinburgh and London ; BlodcwMd. 



There is one feature in thie Tolurat! nbich we are particular]; i;lad to see, 
uiunelj, the shoit bibliognipliical summaries nt the close of aach Mction. 
VoBt elemenlarj boolifl Heem to be written as if the authors thought that 
thej had ti>ld everythiDtc that anybody could possibly want to know ; and 
mmnj a iludent, after exhaustiDg- the limited supply of intellectual pabulum 
wUch they present to him. must have sig'bed in vain for some friendly guid* 
ftoM to thoce richer pastures in which perhaps his hite teacher had gathered 
the materials for the insufficient banquet. Of course in a aiunU work 
liks the present, it would be unfair to expect a complete lisl of the works 
(if reference to which the student should have recourse; but uur author 
has given a very judicious selection of them, and has even indicated in 
niany caaes where the more receut scattered papers of importance are to he 
found, even when he abstains from giving tbeir titles. In every respect 
Dr. Nicholson's little work will be fiund an excellent guide to an acquaint- 
ance with the subject of which it treats. The illustrations, a good many 
ot which are new, are numerous and good, but we once more meet with 
our friend the niamnioth with wooden feet. It is really hard upon this on- 
fertunnte animal that he should he pictorially handed dawn to posterity ' 
this condition. • 

HISTOLOGICAL DEMONSTRATIONS.' 

IT is no great wonder that these " Histological Demons trations " have 
reached a second edition, for the book, which is founded upon the lec- 
turea of Dr. (leorge Ilarley, edited by Professor Q. T, Brown, in one of the 
most useful guides that the student could have in the practical study of 
iiiicroecopic anatomy. The lirst section of the book gives an account of the 
methods of investigation and the instruments employed, the structure and 
principles of the microscope, and the mode of preparation of the objects to 
be examined. The authors then describe the various tissues, and tbeir 
combinatiotis in the different organs of the animal body in a healthy 
state ; and from these they pass U) that most important subject to the 
medical student — the investigation of the morbid conditions and products 
of lUfferent ports of the organism. The whole of this portion of the book 
iie«nis to be very well done; it furnishes an excellent summary of the 
present slate of knowledge, with clear directions to the student as to the 
best methods of seeing for himself what is here described. The concluding 
MCtian of the book treats of the parasites of man and of some animab, and 
in the first portion of this at any rate the authors are not particularly sue- 
ceiaful, especially when they place the wingless dipterous pamsite, J^elo- 
phofftu oimiu, under tbeir group "Ixoda" because it is called a tick. The 
part relating to the Entoxoa is more satisfactory, altiiough rather scanty ia 
its details. This book is very freely illustrated with woodcuts, which an 
for the most part good and characteristic. It has also a coloured frontis-, 
piece, representing a section of the injected aoiar tooth of a cat. 

* *' HiHtotooical Demo us (rations : a Guide to the Microscopical ExaminatioS'l 
of the AnimalTissues in Health and Disease; being the sub.atAnce of Lectiiraff 
delivered by Ueor«e Ilariey, M.D., F.R.S." Edited bv George T, Brown, 
M.l;.C.V.S. Second Edition. 8vo. London r I-ongnians. It^TtS. 
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WINUS OF DOCTRlMi;.* 

UNDER the title of " Wittdd of DoctriDe," whicli we cannot but n^ui 
tia Bomewhat imliHppily chosen, although from b certnin point of fi 
Mlire of the hIIuroq is not without its force, Dr. Elam has piibliifaed u 
fu^Hult upon the citadel of the doctrine of evolution. The poioiof the title ii 
to ahotr that Dr. Elam coosiiiers tboae whom be assails " unstable as water,' 
and ill the apostolic phrase " carried about with oTery wind of doctrine:" 
and the points that he attacks are the modem theory of cvulutiun and tha 
doctrine of automatism which ha? tKen fouaded upon it by s( 
scientific men of high standing. It may bn remarked, however, aa iiidicatanf; 
the author's standpoint, that while both be and his antngnni^t^ derive tlie 
doctrine of automatism from that of evolution, he places tbe deriratltv fi 
in order, which may bo token to show that his abjection to the tlieory of 
evolution depends rather upon its supposed consequences than upon ita D«n 
demerits. 

With regnrd to auuimntism Dr, Elam, by a loni; aeries of qiiotatii>iu Ikhii 
▼ariona wrili^rs, especially Profeswrs Huilcy nod Tyndall, and Mr. Herbnt 
Spencer, succeeds, we think, in demonstniting that his oppoaencs han 
pushed matters ton fur; and in bia inability to comprehend the natanol 
"an automaton endowed with &ee will," we can most certHinly sympatbin 
with him. But with all due deference to tbe distinguished philosophers wbi 
liavs derived this doctrine of automatism, pure or modified, from the ihtoif 
of evolution, we cannot think that the former is by any means a oecasan; 
cgnaequence of the latter ; and we fancy that a very peat number of m 
ists who beliere in the origin of species by descent with raodiKcntion will ta 
found to be of our opinion. Without goings in for any spiritualistic doatrlo* 
whatever, we think it quite possible to see in orgfiDiei'd bi-ings qualitiw 
quite incompatible with the mechanical theory of life ; and in reality, witk 
our present knowledge, it ia impossible to say that that theory is the Ml 

At the same time we may remind Dr. Elam, if his argument has b 
urged, as would appear to be the case, in the theological interest, that • 
vary considerable section of the Chrijtian world holds opinions which If 
logically carried out to their consequeucea involve the notioa of li 
automatism as inexorably as the materialistic conception against whidi b* 
has couched his lance ; and in fact that the very notion of n |ters(inil do^r 
unless we choose arbitrarily to abridge his Rttributes, may easily be ll 
1« be incompatible with human rree-nill. But, as Profi Huxley m; 
one of the pasBBgee quoted by Dr. Elam :^" Why trouble ourselvfla aboKl 
matters of which, however important they may be, ne do know nothisg 
and can know nothing?" These matters have been discussed in all lisui 
in fact if we are to believe Miltou, even the devils discoursed of ta.lt, frt< 
will, and foreknowledge, before man made bis appearance on the foca nf ll 
'b what possible interest devils could feel in such qusatiaiuit 

^Doctrine; being an Examination of the Modern TheoilMrf 
' 1 EvDlution," By Charles Elam, M.D. 8vo. 

' isro. 



•thrr faud to seu. We "H-ill thererore leave them to Dr. Bam and bis 
ipponeotn, with the expectation that iheir dwcussioD will be about u eaailj- 
enninstet] and as pioGCable as tbe celebrated dispute, recorded bj the learned 
iUwkenbergias, between tlie Catholic and Lutheran doctors of Strasburg 
irith regufl to the reality of the courteous Di(>;^'s long Dose. 

A question gcarcelf lew puzzling than those just alluded to la that of the 
origiaoflifaandof organizable matenal, and here again ourauthor falls fout of 
?ttt. Huxlej. To some of the argumentii used b; the Intler Dr. Elam replies 
la follows : — "It isiti no seuaetrue that probiplosm 'breaks up' iDtocarbomc 
idd, water and ammonia, any more than it is true that iron, when exposed 
o the action of oxygen, ' breaks up ' into oxide of iron. A compound body 
no only break up into its constituent parta ; and these ore tiat the conad- 
.nent parts of protoplasm. To convert protoplasm into these compounds 
vquires an amount ofoKjgen near!;/ doubU IJir iteiglu at Ihe original mass of 
irotoplasm; eteiy 100 lbs. of protoplasm would require 170 Iba. of oxygen. 
Kgna : — ''UaJer no ' poMible couditinns,' con carbonic acid, water and 
ifflinoiiiB, when brought together, ' give rise to the still more complex bitdy, 
irotoplasm.' Nut even on paper can any muliiple, or any combinatton of 
IkfiM aubatoncu, be made to represent the composition of protoplasm, mucli 
Ma cma it be effected in practice." It must be confessed that this argument 
ooka very strong, and perhaps as opposed to tbe mechanico-cheniical 
lypotheda of the origin of life it is aa strong as it looks ; but at the some time 
dlboujfh carbonic acid, ammonia and water constitute the food of pLtnla 
growing at the present day, and their nourieliment is effected with elimina- 
tkn of oxygen, we do not know what method of combinntion may have 
DCCniT^ " under certain conditions," as Prof, Huxley says, and it may be 
«dd«d at a certain rime. What the conditions were may perhaps nlwaja 
remain unknown ; but even if we never discover them and are thus left in 
the dark a« to the actual origin of life upon tbe earth, this need not in any 
way invalidate tbe doctrine of the origin of species by evolution, which rests 
ita claim* to acceptance upon very different grounds. 

In bis argument against the doctrine of evolution, Dr. Klnm employs with 
great vigour all the weapons that have been prepared to his hand by Ihe 
writings of those who maintun ita truth, or at any rate its probability. 
Bat it muit he remarked that the publication of those writings extends ovur 
% CODUderable period of time, during whiah the Tiews of the writers have iu 
BUny cases advanced considerably, so that, except for historical purposes, it 
U bardly (iur to quote the whole of them as expressive of their opinions. 
Thna the author quotes a long passage from a paper published by I*raf. 
Ilnxley in 1B6l>, in which that distinguished naturalist allirmed that the 
•tody of palwontology negatives the doctrine of evolution ; and although he 
afterwards cil^ the Professor's address to tbe Geological Society in 1W70, in 
which there is said to be " a clear balance in favour of the evolution of 
HriBg forma one from another" among the higher Vertebrala, he possca 
UtU over slightly and proceeds again to cite opinions expressed in 18G0 nod 
1803. The main cry, in fact, is that of want of evidence from both the 
palnoDtoIogieul and the experimental side, tbe latti^r being of course tbe 
IDMt crucial test to which tbe doctrine can be exposed. We fear that tbe 
MM of actual experiment will be always impossible of application, but mutit 
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decided]; the weigLt of tho eridenpa from paljeontology in oppomtion 
l1ii> theory of evolulion fana always been ^biIj exaggerated. So far firon 
tbere being AD ftbsettee of traQMliotiftl form* amcmg foaule, ereiy pitbeonto- 
logist knows that their conntant occurrunee is one of his greatest pln^uN ; 
and thexe ia little doubt that b; tracing any gmii|) of forms with th<> 
icqaisite exactitude through a serit^s of successive deposit;, the nioet iH>n- 
vincin^ proof, short of absolute dcmonatrntinn, of die intetdbpendenra of tlia 
BuccesBive 90-callcd species might be obtained. So far aa geogrspbicMl di*- 
trihutioD is concerned, the doctrine of the oiigin of speciee by descant will) 
inodittcation is the only one that furnishes us with any rational expluiatioD 
of the facts observed ; and the numeroiia exnmples of species differing but 
slightly from each other in neigbbouriTig but isokied dtuations, such ur 
the beetles described by Sfr. Wollaston from the Cape Verde Islands, which 
he himself, although etrongly anti-eroliitionist, could not believe to haw 
been the products of wparate creations, many aquatic animals in Al 
kites, and the freshwnteriepTesentativea nf mnrine types, with many otliarf, 
seem to demonstrate, so far ns observndon con do it, the derivAtire naloro 
of the varied forms of life. 



ARNOTT'S ELEMENTS OF PHYSICS.- 



lO^wS) 



Tms may be called the 6rst posthumous edition of the well known 
of Dr. Araott. A man who in his lifetime gave considerable 
money for the advancement of Natural Philosophy, and madd a present to 
the public of his valuable inventions by refusing to patent them, was 00' 
iloubtedly one who took great interest in Pbywcs ; yet he appruiubed Iha 
subject, as we may »ay, as an outsider, coming to it from the pnint of Tiew 
of a medical man. There are decided advantages in a book written br nsh 
an author, as likely to contain more of the practical b«sringB of the sabjeet 
than one prepared by a professed phyncist ; and possibly, aa in ihls caM^ 
to range over n wider Held as included in thebubjecl. There are few wodn 
on the elements of physics which border so cloaely on physiology as tU* 
does in the port devoted to animal mechanics, hydraulics, and pnuumatiat. 
At the siune time, however, thst the public generally will find here wbU 
tiiey want, to the professed student it would be of little use. For him ita 
range is tvo wide, rendering necessary a too fragmentary outline of ud 
subject ; and it ia written with too little accuracy for his purpose. ItU 
indeed lathcr a singular spectacle to see a book oa physit-s written by* 
medical man, and edited by a Professor of I^ogic and an ombent ToxlcO> 
logist. The editors bnve had the osaislauce of Mr, Couk, foruierly Asiiateat* 
I'rofcasor of Natural Philosophy at Aberdeen, in the revision and odaptalJMt 
of the work; and to him ia probably due the presence of severs! valvaU* 



• " Araott 's Elements of Physics or Natuml PbilosophT." Scctaft 
Edition. Edited by A. Btun, LL.D., and A. S. Taylor, M.lr., r.R.8. SflHU 



I, nddiiig to OT cotrectingr the text, bat ire csncot taj Ibat tlie leaolt is 
it the work is thoroughlj' reliftble as Ikr as it goer, or tbat it cmtainB all 
it we might nsturallj expect it to contm. A tew eometioDa that mtght 
a been uiado it m&j be welt to notice. 

Yatt wn arc told that " all malecules afe not atoms, thougli all atoms 

» molecules :" and we wonder why this fals* statement was nnl expunged, 

as th» right one is given as a note. In the section relating to he»I, we 

bare the error too ofttsn found in llie explaoalioa of Franklin's experimont, 

n new form of wbick experiment bus lately been intrndnced to th« public 

- a toy, under the name of '•Baromoter of Temperaments;" tiz., that 

'.-^ "warmth of the hand grasping one bulb will form steam, causing all 

>.' water to ■pans mpidly to the other and to boii there ;" whereas it isreally 

ily the expansion of the warcned ur tliat drives it f^i^A the liquid, and 

:i;>ke3 the latter appear to bolL Agtun with reopect to the tides; it is 

iiljtful whether any mean jitg can be attached to the following •ent«nce 

■ hut would make it correct : " The tide on the distant nde of the earth i« 

the effect of the centrifugal force not fully balanced by the attraction of the 

moon." Once more, though it is a qntstion of physiology rather than 

of phyHCs, it is more than doubtful if a man is fatigued four timea as much 

by going upstairs, when he goes four times as slowly as another. 

Thesu instances will show that the book cannot be relied on as a 
utandard, but the same might be said of otber^ and among similar works 
iliis is perhaps the best 



ANTHRACEXE * 

r[S is a systemntic treatise on a subject which both lo its scientific and 
tecbniciU aapecta is of the utmost interost and importance. The 
pemMl ouly of tbe bibliographical index at the end of the volume gives 
wime idea to those who Lave been engaged on researches in organic 
chemistry of the immense amount of time, intellect, money, patience, linoW' 
ledge, and experimenta] skill bestoived on the eludy of anthracene and its 
derivatives. Much of this lubour has been undertaken without any hope of 
pecuniary gain, but from motives which actuate all purely scientific work, 
ilie desire to acquire and advance knowledge. Chemists, especially th'isti 
who ve not technologiste, are too apt to regard the dependence of tech- 
nology upon pure scieoce without acknowledging the debt which science 
owBB to tiichnology. The immense amount of nsearcb made witbin the 
last ten years on anthrncene and its derivatives, would never have been 
accomplislied bad not (iroihe and Liehermanu's synthesis of alizarine from 
■ product of tar-distillation been carried out as an industrial enterprise, 
thus alfording abundance of mhterial to work upon. The same thing may 



• '• Anthracen; iu Constitution, Properties, Manufacture, and Deri va- 
tiriw, including Artificial Aliiario, Anthmpurpurin, &c., with their appli- 
cations in Dyeing and Painting." By G. Auerbnch. Translated and Eait«d 
frutn the revised Manuscript of the .\uthar, by W. Crookes, F.K.S. Sw, 
Loudon LonguiaoB & Co. 1876. 



be iBid of niucli of tbe cliemlslry of the so-cnlled arumaiic c^iupoimds; 
dates from the lime when tbere wna n tromtnerciiJ demnnd for eoal^ 
producu. We do oot of coitrsc wieb to untlerrnte tlie iuflDeace uT Kukul 
tlieory of Ilie constitution of tlieso subalances, without which we might til 
be groping in the dark. The volume before us eives the preparation, pu 
location, and valuation of authracena, its conreraioa into anthrailuiDi] 
and tbe sulpho-acidn. The various processes for the preparation of artifia 
uliEatine are carefully described, and tbe difitculties involved are meudom 
Tbe methods best adapted for pn^paring pure epeciniens in the Ubumto 
Bt« giveu, aa well aa those commercially practicable. Accordiug to tbe ni 
Rcceptol formula of anthraquinone, there are nitie possible compolU 
isomeric with alizarine ; and of these eight are actually known, tboQ] 
scarcely with sufficient accuracy. These are, anthraflavie acid, iso-anlibl 
flnric acid, anthraiantbic acid, qiiinizuriue, chrysaxioe, frangulic ad 
Mothopurpurine, and iaalizame. Some of these are capable of dyebgmo 
danted tissues. From what is known of their constitution, it aeemt pf 
bable that only thoao derivativea of oxy anthraquinone are dyes which ha 
two hydroxyl groups situated in the same benzole nucleus. To a student tl 
work is suggestive of much reaearch, hut it requires that one should toi( 
gnuething of organic chemistry to appreciate its value. An i>videat misplii 
ferrouB for ferric raits, occurs on page 157. We are much indebted to H 
translator for bringing into notice and making easily accessible tbe immaa 
fund of scattered iuformation collected in Mr. Auerbach's voluablu ffU 
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ZOOLOGICAL CLASSITICATIOX.' 

IT is not an easy tack to compress a whole system ofioolo^cal 
tion into a volume small enough to be cooveoiently carried In tl 
pocket : but this is what Mr. Pascoe has attempted to do, and it nuft t 
confessed with a very considerable amount of s^c<^eB8, in a little work jni 
published under the above title. As a matter of course the reader need lU 
look fur au exhaustive tieaUse on zoology in n book containing only abot 
200 very small octavo pages, and indeed tha author himself makes no diiu 
to have produced an;rthing of the kind, his object beuig, as he tells U* in U 
preface, to furnish " a convenient work of reference on tbe claaa&calian I 
the animal kingdom, and to bring tbe conteutu of the vanous gruiipa undi 
the eye in the most concise form," 

This modest purpose Mr. Pascoc has certainly fidfilled in a verj cndi) 
able manner. His Utile bonk is an excellent work of refcreniH; S 
although, perhaps, it would not be possible for a beginner to take 11 cpai 
learn much zoology from its pages, the student, as be progrefMS, will Bnll 
a most excellent aid in correlating the kuowtedge that he acquire^ i 
determining the relations and the precise position in the animal InngdoiiK 



* " Zoological ClassiScation : a Handy Book of nefercnce, with TahlM 
the Subkingdoms, Classes, Orders, &c. of the .Animal Kini^om, tlH 
Characters, and Lists of the Familiop and principal Qeneio." 
r. Pasco*^- F-L.S., &e. Small 8to. London : V&a Voorst. " 



utioali tnd gronps of uinult tliat be nsr nteet with ta tmtttK or find 
telemi lo in other works, and in beepiiif ooBstentl; m ku mind tk* 
guenl principles of zoological cU^nficstiaa. 

Sluling with the Prot^ios, Mr. Pueoe wotb Ui wa; npnids tluauf^ 
tb« Animul Kiagdom, which he divides into aevat rabkingdoBis, that 
VntavM, Cceleoterota, Echiuodermata, VenDes, Arthropods, Mollmea, aitd 
Yotebrsta ; oi djfht, if the Sponges, which, in aceordanee with the news of 
Hickel and Leuckart, be places among the Cteleott^ata, are traatsd as a 
Satinet tubkingdom. For onr own part, we cannot regard the spon^ as 
Gnoing either a separate subfcingdom at a portion of the CceleDt«caU ; 
■^ affinities seem manifestij to be with the Protoioa. All these eub- 
kiDgdomfi, Bai the cliseea and orders tsdaded in them, ai« briefl;^ charao- 
Miied, and the short diagnoetic phraaes are generallj followed bv a few J 
ooncife notes on the structure and natuial history of the animals eompoeiiig''B 
llie groups, Moreover, the whole of these groups are tabulated in ft^ 
nuner which, although genernll; rather artificial, will aid the student 
PMtlf in finding his .way throngh the tsbjiintb of zoological classification. 
l'ud«i the orders the author indicates bj name the families into which thej 
«e divided, and gives a list either of the whole of the genera composiog 
I^m, or of a selection of the best known and most characteristic of thoie 
fronps. This last feature, although, perbops, the lists of genera may appear 
like to much space wasted to a mere reader of the book, is really a most 
tillable addition for the purposes of the Htudeot, for, with the help of the _ 
ndei, it furnishes him with a sort of dictionary of some 1,600 generioJ 
lunes, such as may crop up and form stumbling-blocks in his path nt anffl 
f Oomsnt. 1 

Tbnt we do not agree with Mr. Pascoe in all his notions of classficatjon 
■il hardly he staled. A zoolo^t who in the present day could prcmul- 
- 1" a system with every part of which any other zoologist would be per- 
^nly satisfied, ought to be publicly eshibiled as the last and grentost 
Hjj^er of the world. But in the present instance our author has greatlj J 
^^Bsned the force of any objections that we could urgn ngninst certainfl 
^Hp of his book (such as that relutiog to the position of the sponges^ 
^Rady referred to) by indicating generally, in doubtful cases, the eiistenco 
'jf tiplnions at variance with those adopted by bim; and we must remark 
further, that while he has evidently studied the most recent attempts at 
loological classification, be has wisely allowed himself to be very sparingly 
influenced bj some of the wilder speculations on the subject. I 

Ilcre and there in bis references to quite receut authors, and especlullf fl 
with regard to the phenomena of so-cnlled altematioo of generations, tho'fl 
author seems to us not to havo quite realized the significations of teruis, and'H 
hw descriptifins are in consequence more or less erroneous or obscure ; but ■ 
these are only small defects, and on the whole we can heartily recommend ■ 
Mr. Pascoe's little volume to all students of zoology who want " a haodf fl 
^^ft of reference.'' ^| 



POPTLAB BCIEKCE BEVIEW. 



FOWNES' CIIEMISTIIY.* 

WE need hardly do more than announce the publication of the fl»l 
volume of a new edition of the late Dr. Fownea' well-known " Jfuiual 
of CbemiBtry." It is now brought out undei the sole editorship of Ur. 
Henry Watte, who faaa evidently done rU in bis power to render the book 
worthy of the high reputwion it has always enjoyed as d student's I 
book ; in fact, so much hns he added to the present edition, in coneequence 
of the rapid advance of chemistry of late years, that the matter has becom 
too extensive for a single volume, and the editor has been compelled t 
adopt the expedient (a somewhat dangerous one from a commetci(J point 
of view) of issuing the work in two parts. 

The orrangemeuC of the matter is the fame as in the former editiotie, ind 
the first volume, now before us, is devoted to Chemical Physics and In- 
organic Chemistry. The treatise on the former set of subjects, alLbongh 
necessarily brief, furnishes an exceedingly satisfactory outline, more t] 
sufEcient for the ordinary requirements of the student,' and embodying ml 
of the most recent results of chemical research. The purely chemical f 
tion, which occupies netirly four-fiflbs of the book, is also very good an^ 
well worked up. The editor has retained the author's on^nal plan d( 
placing the section treating of the general principles ofChemical PhlloK^y 
at the conclusion of that devoted to the non-metnllic elements, bat he h 
to a cerbun extent anticipated soma of its teachings by appending to thp 
article on Oxygen, or rather, perhaps, combining with what i» mid on Oxid«(>^ 
a brief exposition of the general laws of chemical combinHtion, with h 
explanation of what is meant by chemical equivalents, and their UM ii 
representing chemical actions by equations. All these matters receive i 
more detailed and exceedingly philosophical treatment, in the secllbn sp* 
cialty devoted to them, foUowing those descriptions of the non-metallle 
elements and their compounds, an acquaintance with which and with the 
phenomenaof their production, is undoubtedly a necessary ptvliminaiy ta 
the due understanding of these general principks. As far as it ha* gon* 
this new edition of " Fownes' Manual of Chemistry " appears to ns to be 
one of the best, if not the beat, handbook that the English student p«- 



• " Fownes' Slanual of Chemistry, Theoretical and Practical." Vol. t, 
" Physical and Inorpanic Chemistry." Twelfth EdiUoii, revised aoil «^ 
reeled by Henry Watts, B,;\,, P.ll.S. 8vo. London : 3. & X. ChurtWU- 
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SCIENTIFIC SUMMARY. 



ANTHROPOLOGY. 
A yclEXT Stmrcet of Tin.— Professor Karl Emst yon Baer, only a few " 
iln_i> bt:fut« bis diwth, prepared a paperon Lhia subject, which has been 
publitiheJ io the " ArchiT Tiir Anthropolo^e," From the circumstaiite thai 
mIbio^I nil the anueiit brgnie! are found to coatsia the sAme prnportioiw of 
tbe cuneitilueDt metoli, be ia incliDHd to think that the uee of bronie bad 
epreiid from Bume single ceDtre. The source of the tin used in tbu fabricK' 
u of bronxfis found in the Aiaj'tina Aud Babylonian ruins he thinks m.iy 
pibund in Khorawnn, where the existence of the metnl was lerealed by 
e iiuiuiries that he set on foot, having been led to the belief in its oecur- 
^ in tbftt region by a stuteinent of Strabo's. The tin employed in 
dimtcia and the countries Huirouoding tbe Mediterranean before tile 
y of the Cornish mines, ia supposed by Von Baer to have been pro- 
y brought by the PfatenidanB from Bimca ! 
I TZe lialgariaiis.— According to a report in '' Nature " (February 22, 
^W7), Profraior Virchow lately communicated to the Antbropolopcul 
''cciety of Derlin, the reaulta of numeroUH craniological measurements 
I iiilcrtiikBn in Bulgaria- Tbe genura! type is said to be evidently not 
.N:lnvonic but Finnish, and to point apparently to an emigmtjon from the 
*l"arco-l~innisb tribes of the Oural, to the region of the Danube. Two dis- 
tinct subordinate tyjies are noticed; one brachy cephalic, regarded as pure 
Finnish ; the other inacrocephalic, with a retreating forehead, strikingly 
retemblio); that of the Australian negro. The Bulgariann must hare 
Stndually adopted the Sclavonic langua^^, aud no trace remains of their 
original tongue. 



ASTRONOMY. 

nobiffrajiAt of Stellar and Planetary ^tectra. — It is rather dngular 
" ! American and English astrjoomere succeeded almost mmul- 
teously in solving the difficult problem of estimating the rotation 
in speclrosciipically, they should in like manner have attained almost 
tultanuously the maatery of another ditGcult task. At Mr, Huggins's 
rvatory, arrnngemenla have been in progress during the last two years 
t«pplying photography to the spectra of the stars. For this purpose Mr. 
s replnced the 15-inch refrnctor before used hy him with a 
•clor la inches in diBniettr. The motion of the driving dock was found 
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tt> be nnt aufficiently uniform, oiid the servicca i>f Mr. Gmbb w^re (Mvi 
who succeasfuUy upplied to the clock the control of a aeoinds peiidulam 
electric connectioii with n udereol dock. The spectroscopic part of tb« 
Bpparotua was constructbd with a priani of Iceland spar, and Jeiuet uT 
qiiartz. Tbia appumtus was so arranged, that a boIbt or electiic spEctruni 
could be taken on the same plate for comparison with the spectrum of the 
star. After an extenaiva trial of difficult photographic procpseea, pi«fei 
wM given to dry plntca. Among other adTftnta){«s, a dry plate conid 
be left in the appaiatus until the foUo'xing day, when a s»litr epeetnna 
could b« taken upiin it tbrougli that half of the slit which ww clowd 
when the instrument wm directed to the star. During- 1^70. spectra wet* 
ohtwned with dia&ict lines from SiriiiB, Vegn, Venus, and the Mom, iu 
juilapositioD with well-delined and well-detailed »oIm epi-otra. The 
American reBearcbea in the same direction hare continued during a los^ 
period. Dr. Henry Draper, of Now Tork, well known as one of the Bat 
teleacopista to obtain really usefulpbatographsof the moon, hnab^eaen^pd 
since the spring of 1872 making photographs of the spectra of the ttutt 
planets, and moon, and particularly, among the etars, of a Ljm; (.Vega), 
and a Aqoilos (AltairJ, with his 28-inch reflector, and 38-incfa refnictor. 
In the photograph of Vega, hands or broad lines are Tisible in Lha violet 
nnd ultra-Tiolet region, unlike anything- in the solar spectrum. Last Octolnr, 
Dr. Draper succeeded in taking photographs of the spectrum of Veniu, 
showing a large number of lines. There seenis in this spectrum to b« a 
weakening of the spectrum towards H and above that line, of the tsame cha- 
meter which Draper has phot/igraphicnllj observed to lake place in tL« 
spectrum of the sun near sunset. 

Singiilnr Pltaimnena preientcd hy Japittr'» SaUUke*. — Mr. Todd, of Ade- 
liiide, with hia new 8-inch equatorial by Cooke, mounted in December, 
1874, has made a rery valuable aeries of observations of the phenomena (if 
Jupiter's satellites during the last opposition of the planet, extending &om 
June 1.3 to October to, 1870. A very interesting phenomenon waa observed 
more than ooce, independently by Mr. Todd and his assistant, Mr. Ring- 
wood, when a mtetliie was on the point of occultatiou. Instead of dt*a[K 
poaring gradually behind the placet, it was apparently projected OD A* 
disc, as if viewed through tlie edge of the planet, supposing the latl«t WV* 
surrounded by n transparent atmosphere laden with clouds. This curiooi 
phenomenon was noticed on two occtmons at the disappearance of tha SnI 
satellite, when it wits thus distinctly visible through the edge of the diM 
for about two minutes before it was finally occulted. It is hardly DsoBMOiy 
to point out that this appearance is readily explninsd when the Uieorr u 
accepted which is described in Mr. Proctor's paper on Jupiter in oar Ian 
number ; but is entirely inconristent with the theory usually adopted. Ht, 
Todd also bears witness to the constantly varying aspect ot the rarfaot of 
Jupiter. He was much impressed vnth some sudden and extonsivv cbanp* 
in the cloud'helbi, na though a violent storm was raging, changing (b«it 
appearance within an hour or two, or even less, n.it only in tlioir fonu, bni 
also in their magnitude. 

O. Slrui-e'e Campnnion to Fracymfomttl to lit an Optical lUmon.—SvtM 
surprise and diaaunointment was oocesionud by ihe fMliiro ot the great t«l^ 
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pL'rjpe Bt Washinglon to show the foint companion seen by O. Strove nnd 
iiU usistnnt Hon' Llndemana, fulloiriDg tlie ittar I'rocyon at n diatAnee of 
<l<"iit 10". Thti fact that recently that large telescope luu «hown other 
: uDt cnmpnnisns of Procyan, which neither StruTc nor Lindemann could 
-■•!, Iia.4 W these observers ta m-examine the subject with great care. The 
result bm been to convince them thftt the phenomenon they had oeen has 
no objectire existence, but was the effect of an optical illusion, which causes 
them I-^ see under certain circumstancea a faint ima^ or point of light at 
about 10" distance from a bnght star, and nearly tn a horixontal line with 
it. Tliey (uund this to b" the ease with Be^us, Capellft, and Arcturus. 

Orbit of Alpha CaUauri. — Mr. Hind, the Superinlyndenl of the "Nautical 
Almannc," having- received from Lord Lindsay the result of two sets of 
meanurea of the angle of position of Alpha Centauri, made with the heliO' 
meter at Mauritius, in November, 1874, during Lindaay'a eipeditioa for 
observing the transit of Venus, in IriT-i, has atlenipted a further spproxi- 
DiAtimi to the elouients of thia most interesting binary. He employed the 
last orbit by Powell, of Madras, in forming equations of condition tor the 
vpochs of the most reliable mean results, depending^ on the nicaaures of 
Sir J, fTerSt^bel, Capt. Jacob, Powell, and Lord Lindany, at tha same time 
admiliing the angle for I752':2 given by Lacailte's K.A. and t><x. The 
elements obtained by the solution of the equatious are as follows : — 
J'ei 
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" It will be remarked," aajs Mr. Hind, " that Lord Lindsay'a measures 
fall exactly at the computed time of nearest approach of the component 
»t8« in llie real orbit. Prohnbly a somewhat closer representation of the 
ifcaenred onirles and distances might be obtained by repaating the process 
- itii which the above elemenla were deduced, but I defer any further com- 
i.talion in the hope of soon receiving tneasuies made after the passage of 
!ji> peri-astioa. If for ifae annual parallaK, a menu of Henderson's value, 
■ corrected by Peters, and that by Mtesta, be taken, giving 0"-lW8, we 
: nd the mnas of lliis system = 1'79 n Sun's mass, nud for the semi-axis 
I i.ijor erf the orbit 'Jliilt." It is noteworthy that the mass hore obtained 
irrrvponds closely with that deduced from the ai,9umption that the intrinsic 
: iminosily of the S'lrface of the component stars is equal to that of the sun's 
irface, and the mean density of the two stars equal to the sun'a mean 
i-nrity. 
Rotritum fl/.SW-im.— On December 7, Professor IIoll, of the Naval Obser- 
■.,tntj at Wn*hiogton, observed a well-marked white spot on the disc of 
-i-.iirn. bidow the ring. From observntions made by him upon the motion 
■ ( thbi spot, on December 7, 10, and 13, he deduced a rotation poriod of 
H)lu IStn., a reiult in satisfactory agreement with that obtained by ''" 
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Ilerschel from abservationa of tlio auewBMve appenrnnMB prpBauleJ liy ■ 
belt duTing the winter of 1793-94, vix., 10 b. 1 6 w. O'-l i. 

The XfiB Star iu Cygntu. — Professoi' Schmidt gives tb» fulloving taliuliir I 
statement uf the TBr;in^ mn^ilude of tlie Dew atnr from November 24, I67d. [ 
tlie date of its discovery, to December lo, when it was laat [lercepUble 
the naked eye: — 
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TIk I'lofiel Mars. — M. FlftmniHrion has published a t'bsrt of Han, in 
-which be bna not only altered aeveral of the featuiei shown iq .Mr. Proct<9r'< 
chart, but bas introduced Beveral altorutiona in the nomenclature. 
Terby, of Louvnia, Lne expreaed stronf; object) una to both nrders of cbuige, 
And ill particular to the fact tbnt while W. PUmoiarion's chapter 
peogrnphy of the planet ia based olmoat entirely on tlio reeewches of H. 
Terby, due notice bna not been given of the fact by M. Flanimarioo. 7 
latter, in reply, bn$i expressed the opioion that the matter is not warlli C( 
trnversy ; to whiuh M. Terby has objected, not ineflecttTely, that rem 
which lire not worth controveray should not have seemed worth abstntctillf 
without acknowledgment. M. Terby ceasiders Mr. Proctor's cti«rt alto- 
gether more correct than the new one, no fpir as M. Flammnriou'a chart a 
new, which is perhaps not Baying much. Tiiis is not the tirat ucuigieDbf 
several on which M. Flnmmarion has honoured other students of nBtnnoaiy 
by borrowing' their results, 

TTic Total Eclipte of the Mixm. — Mr. T. Rand Capron, in « 
account of the total eclipse of the moon on February 27, remarks that during 
total obscuration the moon ebnuo with a diffused weak copper-tinted ]lgh(| 
and with what appeared a marked deepening of the dusky lint tuwarda tbd 
centre of the disc At no time was the tint absolutely dark. The loss vl 
light waB, however, during obscuriitiou very marked. At times a crim> 
Bcarlet tint, deeper and less mixed with yellow than the copper tint, « 
noticed. " This last tiul," saya Mr. Capron, " reminded me much of a 
crimson glow common during aurora, nnd which I eli<o oncn distinctly k 
marked — of course in a weaker degree — io the zodiacal light. The « ' 
when seen telescopically with a low power, were but little rednctd \i 
strength i the illuminated part of the moon coming out of n BteeUgny, ■) 
effect which also took place when an occasional mist cloud poawd oret llu 
moon's fiiee.'' 

Oppotition of Jupiter. — Jupiter will be at hie first station on AprO SM 
at 2 A.M., in oppontion at midnifibt on June '20tli, nnd at his 
nt 3 j,.M. on August SO. It may be hoped that much will be done iliii 
the ioiorvol between April 20 and August 20, to obBerve Jupi 
i^t^, the questions which have recently been misetl 



nOTANY AND VEGETABLE HIYSIOLOGY. 

Jlybrid Fi-uit of Orange and Citrtm. — ^Jl. Oudemiiiis hfla obaerred a fruit 
liulf urenge and hiJf citron. E.\ieriiallj it bnd precisely the fonn nnd colour 
ai » ciCioa. IntentEi!];, four of the comprtrtmeDts presented tba colour and 
tuie of tho fleeh of n citron ; tlie other five hod the qualities of that of an 
orange. The fomiBtion of this fruit mny be explained in two wajB. Tho 
tree which produced it may hare been a hybrid between Citi-m niediea onj 
{'. avrarUiinn. Or the flower which produced the fruit ma; hare belonged 
til one of the above species, and have been fecundated, at lenat partially, by 
pollen of the other. On the first sapposition the case would be pamllel to 
lliat of Cyliaia Adami. On the second, which Rl. Oudemans regards aa 
most probable, we should hare a fresh instance of the influence of the pollen 
I'n the frait — La Mondea, December 14, 187U, 

Ui^ory of Poii/phagtu Euglen^. — Br. L. Nowakowski has published (in 
Cuba's " fidtriige tor Biologie der I'tlanzen,'' Ueft 3, I87GJ a most in- 
leresttDg nnd iniportHDt memoir upon the history of this curious microscopic 
Tegetable parasite, a member of the group of Chytridia, the true position 
nnd nature of which have always been somewhat doubtful matters. Most 
.r ihem are parasitic upon other aquatic plants, generally adhering to the 
'rfitce of their component cells and sEnding processes into the interior. 
i :i>! Polyphagiu, however, devotes its attention to those well-known tiagel- 
] w infusoria, the Eiiglen/e, which it attncks when they are in tho helpless, 
telling stage of their eiistence. The uporea of the parasite ai^e furnished 
nitb a rariable number, four or more, of delicate, radiating fjlaments, one 
<>f which coming into contact with a EttgUna, nt once pierces its iulegu- 
Ditnt and penetrntes into the contnined protoplasmic mass. It then rapidly 
increases in size, and usuuUy emits other fliameuts which stretch out ill 
Bsarcb of more victims, whilst the body of the spore also increases in pro- 
portion lo the success of its rootlike processes, and in course of time 
becomes a "pro-sporangiunj," From this asort of vesicle is pushed out, 
which after a time becomes n Koorpornngium, and from it a cloud of zoo- 
rporee finDlly escspes. Dr. Nowakowski has observed a true process of 
nrpruducliou in these curious parasites, lie linds that the individuals pru- 
■ent two forma — one large, and genersUy spherical, which is the female 
plant ; the other smaller, and more or less club-shaped, which is tba male. 
These two forms conjugate in the following fashion : — The contents of the 
female plant project through an opening in its cell-wall and form on oval 
mass, with which one of the processes of a neighbouring male plant comes 
irilu contact, when the contents of the two mingle and a zygospore is pro- 
duced, from wbitth a Koocpoiangium is develo}ied, and this gives issue to a 
iwarm of loospores. From his investigations tho author is inclined to 
the Chytridia to the Siphomycetes. 



CHEMISTRY'. 



J'hot/ihm-etcait Ori^otiic Bof!ies.~'M. B. Kadiifiewplii has Inlely published 
kthe"Kepurt8of the German Chemical Society" {\ti77,-p. TO), 
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in which he shows thflt there are cerUin perfectly well-deficed oi^anic 
bodies which shine in the dark whan they are in contact with on aleoholio 
solution of cauatjc polnsh. These bodies nre : hydroheni;ainld( 
lophine, luid the crude product of the nctioD of alcoholic 
henxile: and to those the author now itilds ("Coaiptva Itendua," Fub. 1^, 
1677), parAldehyde (C"n'0)>, metaldehjde (C'lI'O)-, aldehyde-ammonia 
(C'HV^IIj), furrurtae, C^II^O^X', hydro-anisBinide, '^"n=*0'.\', 
aniwdine, C"H"0"N^, hydrocinn amide, C'iP'N', nud hydrocuminamidc 
He ascribes this cheniicnl phosphoreaceoce to the slow oombined action of 
the caustic potash and the oxygen of the air, and l!ie inteneity of the phe- 
nomenon h in proportion to the slowness of the action. The bodiesan either 
polymeric aldehydes, or products of the action of ammonia on the aldehyde^ 
from which aldehydes can be produced either directly or by the absorption of 
the elements of water, and it is to the slow oxidation of the aldehydes in 
the nascent state that the author oscrihes the phosphorescence of thess 
liodiea. 

Ca/iper in PrcterBed Peai.—At the meeting- of the French Acftdemy of 
Sciences on February IS, M, Pasteur gave an nccount of the general reaalla 
i)f aa investigation made by him of the preaerved peas ordinarily Mid in 
Faria. Out of fourteen tins purchased at various shops ten were fojnd to 
contain copper, somelimea to the amount of about jjLg of the totnl weight, 
deducting the liquid, which always contains much leaa than the peas. Tbd 
copper becomes fixed, especially in an insoluble state, in the solid matt«T of 
the pens, particularly in the leguminous part beneath the outer envelope. 
According to M. Pasteur nothing is easier than to detect the presence of 
copper in preserved peas. All those which present anything of the green 
tint of natural peas contain copper, those which are free from the metal 
having h yellowish tint. Although there is a diffErence of opinion ns la tin 
extent to which snlts of copper are poisonous, M. Pasteur mnintaina tliU the 
practice of employing that metal to improve the appearance of 
peas ought to be absolutely proscribed ; and he suggests that if nothing 
can be done the dealers in the articles so improved in appearance ebanld W| 
compelled to label their wares, " Freieri'ed ;i«m, coloured gretn by taUt af ' 
copjier," lie thinlis, and perhaps justly, that they would Rnd compatnlUd; 
few buyers. In connection with the question of poisoning by copper wa nuy 
refer to an extraordinary statement made by M. Bnbuteau to the Acadsinj' 
•if Sciences at the meeting following that at which M. I'asti'UT spuln) U 
«bove("Compteareiidua," February 19,1877). M. Rabutenu noticed the caw 
of a girl of 20 who took In the course of 143 days 43 grammes of ammoniieil 
sulphate of copper, and died of rapid tubercular disease Ihret moatkt afUr 
taking tlie laet dote of OttpoUon. The liver was analysed by M. Itabuteail. 
who found it to contain nearly 24 ceotigrammes of copper, ita totnl wcifftit 
being 1,474 grammes, ntuice M. Rnbuieau coacludet that the aalts oT 
copper are far loss poisonous than is generally supposed ; and especially tlial 
it would lie exceedingly rash to affirm that we have to do with coppQi 
poisoning in cates whej% eight or even twelve centigrammes of eop| 
are found in the livers of persona who have died under auspicious 
istunces. 



SCIBNTnTG SnVMlBJ. 

l-Solvl Carbon ui LumiHoia FlaiiiBi. — Dr. HenraHnii has couUnued Lis re- 
' aeareboa npon lumiaous flames, aad in a recent mi^moir consider tbu 
question if the cause of luminosity in the UaniBn of hydrocacbona, and comes 
to the condnHioQ that it is the presence of solid incandescent paftdcles of 
carbon. He founds this opinion on the foUowinii proofs : the increased 
loDBlDOUt; produced b; chlorine, which, ns iJi wull known, has thepropertv 
of tepaiatiog carbon ; the fact that a rod held in a fianie gets coated with 
»oot only on the lower side, whereas if the carbon were present as vapour 
it QOglit to be condensed bj cooling, and therefore fill round the bodj ; thu 
(•let that a bodj when held in the Same is coated with «oot, even though l<ept 
in a Elate of ignition ; the fact that the particles of carbon can nctuall; be 
aeea in b Qame when it ia made to strike against a second flame or an ignited 
EurCace — ^the particles then become aggregated together to form larger 
maaaee, wliieh become risible in the luminous mantle of the flanie as so 
many brilliant points ; the fact that the transparency of the luminous portion 
of a flame is not greater than that of a Injer of smoke of the same thickness 
iirising from the flame of bnrning oil of turpentine, which is known to he 
..U-'d with particles of carbon; and that flames which unquestionahl^r owe 
: ^i-.'ir origin to the presence in them of solid particles, give a shadow \^ith 
.-uulight precisely as do those of hydrocarbons, while luminous flames com- 
|H)M:d of gaaes and vapours only throw no such shndow ("Liebig's Annalcn," 
Dtswniber, 1870). 

AUeraliiint m Gloat. — M. V. de Luynes finds that glass, when exposed to 
atmospheric action, may undergo very considerable aUerations. Some glass 
from a skylight io the Conservatoire des Arts et Miiliers, which appeared 
onallered when looked at perpendicularly to its surface, showed, under 
certain angles, numerous strife of remarkable regularity. When slightly 
beated, both surfaces of this glass exfoliateit in the form of scales, the total 
weight of which was about j j of the whole weight of the glass. Analysis 
showed that the scales contained 77-8 per cent, of silica, whilst the un- 
altered glass had only OS per cenL When a fragment of the glass was 
placed in hot water, the latter jienetratud by fissures from the circumference 
1« the centre of each scale. In other specimens the additional proportion 
of nljca in the scales waa approximately the same, namely, 77'CI and T8'4 
per cent, against Go'S and 08 per cent, in the unaltered glass. I'roni the 
examination of his specimens, M. de Luynes has ascertained that the glass 
in them is hard to cut, that they act generally upon polarized light like 
tempered glass, and that some of the scales show distinctly coloured fringes. 
He thinks that the preservation of transparency even in gloss so profoundly 
altered may lend to un explanation of the eflVct produced by the use of acid 
as a ptiiventive of the irisation of window glass (" Comptes rendua," 
Kebtuory \'i, lS7rj, 



GEOLOGY AND PALv*X)NTOLOGY. 

MicroKcopieal Examinalion of Satidi and Chiijt. — At present the inresti- 
(TaiioD of the minute structure of various rocks, especially those of the so* 
uiUed igneous and metamorphic series, is greatly attracting the attentioa 
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of geolnptta; and Hr. ^orW, in hh PresiileDtial Addrcaa to tbo Bojul 
MicKscoiticjU Society on Mnrcb 7, 1677, bits ehowa that aimikr exammft- 
tion* with the niicroMopo of the constituenlA of sandt, muds, end c1«j«, 
inny lend to exceedingly I'nlmihlu reiulta. The following is a ^ti^ht nbtUf^ 
ment of an nbatract of his address published by Mr, Sorby in '* Nnture " of 
Feb. 22, 1877. The paper sppeara in full in Ihe " Sloulhly Uictuacopiol 
Journnl." 

" The scope of this subject, ns treated by th» author, included the identi- 
fication of the true mineral nature of the various particles, and the dcter- 
tuinaljon of the nnture of the rock fram which they were originally draired ; 
tlie chief aim being to trace back the history of the material to the furthwt 
possible extent. 

" After descrihiug the manner in which the diScreot kinds of depodts 
should be prepared, examined, and mounted as permanent objecti^ the 
author indicated the conditions necessary for satisfactorily seeing the varioas 
particles, and fur observing their microscopic structure and optical charae- 
tew. The particles of clay anii the 6uid.cavities in griuns of sand are oflMi 
BO iiiinut« as to task the power of the mioroscope to the fullest extent, and 
name indeed are so small that their perfect detinitioa may perhaps be im- 
posuhle by any means at our command. The conditions under which many 
of the objects are visible are such that with highly convergent lig^t aaii 
object-glas^ea of largo aperture no dark outline is possible, and themfoK Uiajr 
are quite invlcible, but become quite distinct when the aperture is i«dimd 
to a moderate and appropriate amouuL For this reason objeet-ciuaea ef 
tmnipnratiTcly smnll aperture are fia the best, since the focal poont btiog 
furthi^r from the front lens, very high powers can be used in easet wUck 
Rle beyond the reach of lansea of large aperture. 

" The author then went into much detail to show the character of tte 
grains of quarti, mica, and other minerals derived from the decooipoaitiod 
of various erystal line rocks, and showed that on tlie whole there are ma^ 
cbamcteristic dilTerences batween the material derived from granitic aal 
schistose rock», consisting mainly in the form, internal structure, imI 
optical characters of the constituent grains; thi^ general cunt^lnsiaa tmf 
that a careful study of sands, muds, and clays enables as to form • my 
satisfactory opinion as to whether they wer>- derived muiJy from fnnitid 
or spbislose rocks, or fr>m a mixture of the two in some approi 
deGnile proportion. It was aUn shown that the shape of thi 
originally derived from their parent rock ii sufficiently detinite and 
tertstic to enabln us to f'Urm a very good opinion respecting the BiniNtBt 
eubeequnit mpchanical or other change. 

" Applying thi"90 principles to the study of particular eate?. it M;vi sVt* 
that the coarser Dritiah sandstones have been mainly dini 
rocks somewhat intermediate in character between those o! : 
lands and Scandinavia. Some of tbemconsiatof grains wlji . 

B»ety any wearing, and are as angular as thoae derive-1 > 

oipoaMl granite, unlike the blown sanita of tbo detcrts, %. 

Id parfectly rounded grains. 

"Thefiueiaaods are no leas angular than the covsc Tliey ate not dt^nd I 
f down of larger fragmtnta, bnt haw refolied (raa 111 ] 
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^^Mtion of the email &cim tLe large graios bj the actioo at cnrrent^ I 
^B> fine-gmined SAndstonea ban: Im^ed niftinlv derived (rom gnaitie \ 
radtA, but on the whole, the small particlea ot quartz hitve more commoiily 
been derived from the breaking up of achiatoee rockB. Clnjs and Bhsles 
coDUst to a great extent of particles identical in all their characters ivith 
IhiMe derived from tho decomposition of feUpars and other mioerala which ■ 
nndoi^o a similar chanire. Ai fi general rule we meet with uiaay g;raiDa of dl 
•and BTen in cUijs chieflf comistiBg of extremelj minute granules, wbich' I 
C*ii easily he explained by the remarkable manner in which such moterial, 1 
when suspended in water, collects into small compound graios, which aub- 
lide Rt a rate quite independent of what would bo the velocity of f ubaidence 
of the Kpfirate particles if tbey were detached. 

" The coDclusions derived from a study of the cbnracters of the separate 
gnius are confirmed by the occurrence of what may be truly considered to 
be gisina of granite or mica schist. We also in some cases meet with grains 
saffideatly large to show the gharactoristic structure ol the still more coio- 
plel Kicbe of which tbey are composed. Tbin sectiuus of some of the oldest ■ 
■Utea in Wales are thus, as it were, a perfect museum of specimens nf tha M 
racks exisling at a siill earlier period, broken up and woru down into tha fl 
nods which formed these very ancient slates." | 

Thr Caralli-ia Rxckf of Eaglamt.—Oa the 10th of January last the Rev. 
J. F. Blake and Mr. W. IT. Hudieatoo communicaled to the Geological 
K<ict*'ty a most important paper on the CoralUan Hacks of Engiand, 
describing in great detail tbe series of deposib« esiatinp betwixt the Oxford _ 
and Kimmeridge Clays. Topographically the Corallian region is divided- J 
into five districts of very unequal rize, wholly separated from each otheivB 
In tbe Weymouth district (I.l one section discloses 230 feet of beds g 
brtweeo tbe Oxford and Kimmeridge Clays, made up in ascending order of 
^ta, clays, mnrU, and oolites, gritty limestones very fosailiferoiis towards 
tb« top, chiys and grits. Another section on tbe opposite side of the anti- 
dinal allows the same development of the central lime.itoneB ; but tbe lower 
n-ries is considerably attenuated. There are hurdly any corals ; argillaceoUB J 
and BreoBceouB mailer, always, however, more or leas mixed with lime, prfl-.S 
ponderatea ; but there is a rich and varied fauna, which has strong alhnitias \ 
with that ofsoiue of tbe Coralline beds of other districts. This culminat«s 
in the Trigonia beds, which lie towards the top of tbe m^n limestone series ; 
above thi» the fauna inclines to Kimjneridgian, below to Oxfordinn types. 
Tho remarkable character of the Supra-CoralliuB beds was noted, especial re- 
femnce being made to the mineral constitution, fossil contents, and geologioilj 
poeition of tbe Abboi^bury iron-ore. In tbe North Dorset district (11.) th^| 
ihickni.'M of the mnas is much reduced, and its constitution greatly alteredjl 
^■'■mls are still very rnre, but calcareous sediment greatly preponduratM. 
.1 i^mnde up largely of comminuted ehelh, loosely aggregated pisolites, and 
I I lie frequently false bedded ; the arenaceous base of tbe Corallian series, 
'l<-i:ribed generally under tbe term Lower Calcareous Urit, is almost at it< 
iiiinimiim iu the neighbourhood of Siurminster. Tbe central Uniestonea 
cminiii a aioderate nssemblage of tbu usual Coralline forms, but Cularii 
Jturiffemni'i appears conlined to a rubbly bed about 8 feet thick. Tho 
^a^Bt Midland range (III.), extending from Weatbury to Uxfurd, exhibiia 
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lbs greatest Tarieij, ond, being classic grouni], contain* n larger propOftioi 
of tlie tjpe forms of ibe rocks. The development is rery unequal, md Ibi 
entire groap is reduced to !e^ than 35 feut in some {ilaces ; lint wli^ra th* 
Bandy baae ia espnoded, na in those districts wliere the e«ca>p[iient fnces tbi 
norll), the thickness Piceeds 100 feet, occasionally fnlling to obiiiit .10 Tm-I 
in tlie direction of the dip, with tbe probability of tbe eolirc- Kittsa ulthnatol; 
thinning to a feaibur edge. In mtuiy pluses true Cornl Ritg in lurgeljf 
dereloped, usually terminating the Cornllian series iu an upward <lirectiM]( 
or at most succeeded by a very few fet^t of ferruKiuoue aend. Thruughout 
ibe great escarpment facingthe upper valley of tbe Thiimea Ibe lower m 
ceous member predominates, though much mixed with tliio-bedded landj 
flays, tbe whole constitutinfr n loose formation, which is capped by baid 
gritty limestone containing an abundant faUQft, reprefientative of the middli) 
series, differing somewhat, on the one band, from the Rag, wiih its partially 
Kimmeridginn character, and, on tbe other, from the Lower Calcaieoiu Otit, 
whose ailiiuliee are, of course, Oxfordian. The beds of tliis district, liowerer, 
are eiceedingly varied. District IV. includes the Coral reef nt Upwan 
miles lil.X.E, of Oxford ; though the exposures oi-e small, they are very 
gestive. The limestone of the south pit is an excellent Coral Hag, but Mft«r 
and more chalky than much of the c3oral Rag of the West Midland dbtricL 
Moreover, wbiUt the rock contains many familiar forms, aud eapeciully 
Cutarajhrigemma, whose presence in abundance invariably indicalea a di^ 
tinct horizon, we also find the casts of sbelU, rnrely or never met with in 
West of England, but which appear common in some parts of tbe Continenl, 
e.g. species of Jtoarea, and certain species of OpU, which latter ooeax all 
in a portion of the Yorkshire Bnain (V.) This bears 130 mllea N. Irf HI 
from the reef at Upware. ITib Corallian beds are grouped as a belt of rocl 
enclosing an oval tract of Kimmeridge Clay. There is more synunettj 
here than in the south, and the triple diviuon of grit, liaiestoue, and grit, 
thou};h not absolutely true in all places, is fairly accurate ; most of tbe b«d< 
are better developed, and the contrast between the Coral Rag and uodu^ 
lying Oolites is strongly marked. Jn the Tabular llills these- OolitM OOD- 
alitute a double 8eries,dicided by a "Middle CalcCrit,"afnct tirsi iiidloal^d 
on stratigraphical grounds by Mr. Fox SHangwnys, aud amply bnme oot by 
fossil contents. Tbe shell beds of the Lower Limestones are, eepecially in 
their lower parts, charged with Brachiopoda and other forms of the Low«r 
Calc Orit; whilst the Upper Oolite, on which the Coral VMg reposes, o 
tains a far more varied fauna, though Angularly destitute of Itrachi'ipaida. 
Tbe fauna of the Rag here, as elsewhere, inclines to Kimuic-ridgian typca. 
In conclusion it was shown that, since the leading feature of the rock tun 
between the Oxford and ICimmeridge Clays is imrirly, a strict and ripd 
correlation is altogether impos^^ible. Yet in spite of great local difTiinmcM^ 
producing in many places a strangely contrasted facies, there are certain 
features which may be deemed fairly cbaractmslic of the severnl divinooa. 
The bank-tike character of most of these beds ia very striking. 

PoMible dii^latemtnt of th« Earth't Axie. — In connection with oertid 
well-known geological and especially palmontologicol phenomena, tbenbi 
long been a growing belief among naturalists that some turans niiMl h" 
found of explaining a change in the poution of various parts of the uitb's 



•m&ce relalivelf to the plnneof the ecliptic nod consequenttj to the great 
aouneoriightuidhent, tlieaun. The Ilev. J.F, Twiadenhu lately commuai- 
Cited to the OeologicslSadetj a Taluahlepnper connected with this subject, 
its purpose being, aa be describea it, the diacu>iMoD of the poMibilitj of a. 
■lisplacoment of the eartb'a asis of figure under the coaditiona indicated in 
n quutioa (snggeeting tiie possibiiitj' of a diaplneeuieDt of the axis of figure 
from the axis of rotation amounting to 15° or 20°) put to mathematiciang in 
a passage of the AnniTersary Address delivered to the Oeolo^ncal Society by 
its presidfiit, J. Erans, Esq,, on Febfuary 18, 1876. Mr. Evans ouggeated 
that the occurrence of a great elevntioa at some part of the earth's surface 
mig^ht nffect the gGograpbical position of its pales. The treatment of the 
t^aeMtinn it Idnematical ; the (iirces by which the elevations and depressions 
might be etTected do not come under diacussion. In determining numerically 
the amount of the deviation from the formulas investigated, approximate^ 
numbeiB »eem to be eoffidently exact for every useful purpose. The con- 
duaioas arrived at are as follows ;— 

1. The displacuroent of the earth's axis of figure from the axis of rotation 
that would be effected by the elevations and depressions suggested in the 
qneatioa nboTe referred to would be less than 10° of angle. 

3. A displacement of as much as 20° could be effected bj elevations 
and depresdons of the kind suggested only if their heights and depths ex- 
ceeded by many times the height of the highest mountains. 

X Under no circumstances could a displacement of 20° be effected by a 
transfer of matter of leaa amount than about a sixth part of the whole 
eqaatoriftl bulge. 

4. Even if a transfer of this quantity of matter were to take place, it need 
not produce any effect, or only small effect, on the position of the axis of 
figure, e.ff. if it took place in a way resembling that suggested in the ques- 
tion, it would produce a displacement amounting to hut a snaU part of 30°. 

5. If, however, we suppose a deviation of the axis of figure from the axia 
of rotation amounting to as much as 20° to have been by any means brought 
about, the effect would be to cause a sort of tidal motion in the ocean, the 
greatest height of nhich would tend to be about twice the depth of th« 
oceac. The author suggests as probable that the efiect of this tendency 
would be to cause the ocean to evreep over the continents in much the samo 
way that a rising tide sweeps over a low bank on a level shore. 

6. The notion that a large deviation of the earth's axis of figure from its 
axis of revolution may be effected by elevations and accompanying deprea- 
nans is at firtt sight an invitiug way of bringing polar lands into lower 
latitudes, and thereby accounting for the more genial climate that b 
believed to have once prevailed in such countries as Greenland. The invea- 
tigation by which the above results have been obtained seems to show that 
the desired explanation is not to be sought in the direction indicated by Mr. 
Evans's queetiou. Whether there is any other agency by which a gradual 
diaplacemeut of the pole geographically could be effected is a question 
far wider scope than that discussed in the present paper, and one which the 
author does not profess to determine. 

TTie Moeky Momdain» in Colorado. — Dr. A. 0. Peale discuaaes (" Silli- 
man'a Journal," March, 1877) the geological phenomena of the Kockj Monn- 
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tma nffitm of Oolorado, and cnmea to the fciUonlng conclvsioiu m to thoii 
chronology. In very enrly tioien tliere wns m OoImmIo, Arclieim Innd rinn| 
ttboTi^ tbe Palaeozoic aea. As tba CarbonUeTous age progressed tbia luc 
itimintBhed bj encroachmeotii of the sen, dae to Bubaidenee of the Uad 
whiob persisted through tbe Tridssio, Jurttsmc, and Cretauious periods into tlu 
euly Tertiary. At the close oflhe IJ^ni tic Tertiary period, there was m pbjai 
cal break, followed, at least locally, by a subridenoe and aubaeqiiently by w 
elerattoQ after the deposition of tbe Miocene strata. Tbe ekratioii at Uk 
Rocky Mountaina as now seen in Colorado ie the result of «n eleTation COM' 
mencing in early Tertiary time, when there waa probably great Tolcas 
activity in the region, and cootinuing through the Tertiary period, aecelenit«d 
perhaps at the dope of the Lignitii^, and after the depomtian of the I 
Miocene atrata. Dr. Fcale thinks that this elevation i; still guiug on. Tha 
great elevation ascribed to the Colorado region in Polnoaoie timca ii 
aidered by Dr. Peale to bo conQrmatory of tbe genoraliMtion of Dr. N«w- 
berry, to the effect that the outlines of the western part of tUe Nortli 
American continent were already indicated at that early period in the histo^ 
of the earth. 

ANeiD Algerian Foinl Ilippopotamm. — According to H.tJaudry ("Bull. 
Soc. GaoL de France," February, 1877), the remiuna of anew and interesting 
species of Hippopotamat occur in a brecda at Bone, in Algeria. The fc 
bonea indicate nspeciea in which the dentition is leai different !>am that of the 
pig type than that of the ordinary Hii^opolami. ItdifTeis from the esisliag 
HippopotAmua (if, amphibina) by the presence of six inciMns instead of (bw 
in the lower jaw, the nearly equal Aze of the incisors, the thicker 
nelled, and more cleariy marked enamel of these teeth, and tbe pmence ot 
only fine striie, instead of strong channels, in the csjiines. By the nnmbff 
of incisors the Hippopotamus from Bone would belong to the gcnt« Jtow- 
protodon of Falconer and Cautley, which is represented by thr<<(> Indian 
species (H. mvakn*i*, iravatiout, and namaiUctu) ; but, from the fact t' 
the teetli of the Algerian species present certain peculiarities not noticed 
by Falconer iu those of the eastern depoMts, M. Gaudrv regards th» 
former as a distinct species under the name of Ilippnpotaniu* (^HnxOffm- 
todon) hipimiumtu. M. Pomel thinks that the deport in whicb thsM 
remains occur is of Quaternary age. 

Hydractinia, Parktria, and Slruinalopnra. — Mr, IL J. Carter pitbUiliH 
the "Annals and Magazine of Natural History " for January, an elaborots 
paper, tha object of which ia to prove that the curious fossils fanning ti* 
genera Parkeria and iitroinaiopora, and probably some Others, ore RsJlf 
the rentaina of llydrutoa allied to HjfdracCinia. lie indicates tho rharacCtn 
of the Hydrartitiia, and describes « new calcareous form, //. catcantt, ftnf 
the Guinea coast, where it is found incmsting small univalve shell* U 
by hermit crabs, and indicates its close approach to Ihe apecim < H. pU 
described in 1872 by Professor Allman from tbe Coralline Crag of S 
He also describes a species with a siliceous skeleton (^H. Vioaryi) tt\ 
Upper Orecnsand of Haldon Hill. The Par}ieri<r, sphericnl or spboroidit 
bodiea found in the Cambridge Gieensand, have been described by Iir. 
Carpenter as Foraminifera, on the ground of their ohambervd stlUCll; 
wbioh starts, u in many Foraminifera, bom a peculwrly cluunb« 
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Mr. Curt£T munt^ns thnt the slructare of the sphencal coaU is identical 
will) that of the Hydractiniie. (U)d tbnt the central cliambered core is probably 
• Fnanunifer on which the liret iaciusting ^owtb of the 2'arkeria took 
Zi^ltuia, a aingular meloD-shaped fossil from the NumrauliUc 
fiRiuatian of Penia, cloeel; resembleB Parkeria in general characters, and if 
the Uttet is to be transferred to the Ilydrozoa, Loftiuia must go with it j 
" "r. Carter conaiders that mth the aflsistanee of Bnew'form which ha 
deacnbes here nndet the name of Brad'ja Urgatina from the Lower C'hnik, 
tha earl; paleozoic Stromaioporir, the position of which has always been 
doubtful, maT be brought under the same category. 

Si^poieii Radioian'a in Carbotufrrota Zimentonet. — According to a report 
in "Nature/' ^brch, 22, 18T7, Mr. J. D. Siddall haa discovered remains of 
lUliolarians ia the Halkin and Minera limestones. Some poliahed bloclia of 
iWe limoBtonea ara said to show specimens of Kadiolaria, beautifully pre- 
■trrttd, and lepreseotiDg most of the types to be seen in the Barbadoea 
<vth. The identiScation of these objects is, boweTer, we beliere still 

A JVrw Fostil Sponga. — Mr. W. J. SoUas has described before the Geo- 
Wcal^^ietj avery interesting foeail sponge from the Cambridjfe Coprolita 
Mn. He regvda it as belonging to the group named Uotorhnphidota by 
Vt, Carter, in which the akeletoa couaiata entirely of sUiceoua spicules, 
■tfted to form fibres, and describes it as characterised by the possession of 
■ insularly reticulate fibrous skeleton of this loDd, composed of acerata 
*peii]a lying parallel to each other and to the ta&ea of the fibre. Although 
IbiK i[ucale« are still sutSdently well pieserred to be fibred and measured 
UdJTidnally. and the author is of opinion from the structure of the sponge 
llwthey were originally siliceous, they now conaiat of calcareous materi^ 
Be iodicatea that a fdmilar replacemeut has occurred in the case of Tarious 
^oDgBBcf the genera ^<i7i on and Porotpongia; oud that this fact is of much 
iWtwsl as getting rid of the necessity of establishing for these forms a 
Pwnliar oider of Calcispongiai, composed exclusively of anomalous extinct 
'''murwembling in structure existing siliceous types. The new fossil sponge 
'' 'iMcribed under the nanie of Pharetrospongia StrahanL Home doubts are 
'tfiioMd by Fellows of the Society as to the supposed replacement of silloa 
Vntbonat*) of lime. 
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i £lr Mttoliform Drprummt in MdeoriU».—li. Daubr&i notices the pecn- 
■ depressiotis often observed on the surface of meteorites, which have 

■ compared to the impressions left by the fingerupon asoft paste. Such 
xscur in all sorta ofmeteoritea. It has been supposed that these 
ire due to a bursting proces.9 occurring at the surface of the 

lrit«e when suddenly heated on entering the earth's atmosphere, but 

■ of the experioieDta made to test this supposition have conhrmed it. 
Janlirde says that the large, imperfectly burnt grains of gunpowder 
h afl«Q fall in front of the mouths of cannon, present alveoliform depress 

9 psffsetly similar in form to thosa of meteorites. From direct expeii— 
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meats it appears that tliese caTiUa; in the grains of powder are due to th 
gases developed at the moment of ignition, whi^^h bunt in parinm directioi 
under very high presaiire. This fitct haa been demonstrated esperiaieiitAll 
hf the mode in wliieh the gnses of gunpowder, under a presmire of nlmi^et 
thousand Btmoepheree, net upon spheroids of zinc submitted to them. 
the seme waj, when, meteoritea enter our ntmosphere with the enormo 
Telocity of 30 to 30 kHomettes per second, tliey are subjected to Triry yre 
pressure, producing energetic gyratory movementa. Whirlinjf in this wi 
under great pressure the tiir lends to act like aacrew-tap, and this meehanii: 
action is in general ttccompnnied and reinforced by the chemical action due 
the combustible nature of the meteoiilic rociis at high temperatures. — Bm 
Soc. OM. Je France, February, 1877. 

FarheUon at Conipmi.— One of those phenomena which, in more BDp( 
stitious ages, would have set all that witnessed it in a state of alarm, w 
observed by M. Soucaze at Campan, in France, on February 5 laett Tl 
sun, at one o'clock was eurrounded by an immense luminous circle, oeci 
pyiug about 60 degrees. At the rising and setting of the BUn, vlil 
it was at about the same height above the horizon, this cirols eoutained t« 
exactly similar luminous points, each about three times the 
volume of the eun, and exhibiting a sort of tail like that of a comet 
side opposite to the sun. The light of the circle was white and faint ; 
two mock suns displayed all the colours of the rainbow, which extendedi 
over the whole of the tails.— CbinpfM rtndm, March 6, 1877. 

Qreat Arofrican Mdeor. — On the evening of Thursday, 21st DecemliHl 
1870, accordiug to a notice in " Silliman's .loumiJ,'' February, ISi 
a meteor of unusual size and brilliancy passed over the Stales of Kbom 
Missouri, Illinois, Indiana, and Ohio. Professor Newton regonle it a 
worthy of special record in many respects, and gives the best account of!' 
that he could compile from newspaper reports and letters. The meteo 
appears to have been first seen over the State of Kansas, probably as Hums 
as the centre of the State. It passed nearly over, and probably south of tti 
cities of Topeka and Leavenworth, when it was at an altitude of aboat saX} 
miles. Over the centre of the State of Missouri one or more elplct>M 
occurred ; and shortly after crossing the MisMssippi, which it did betwHi 
Hannibal and Keokuk, hut nearer to the former place, the meteor ' 
into several fragments. This breaking up continued while it 
the Stales of Illinois, Indiana, and Ohio. A loud explosion occurred M 
east ae Concord and Erie : in fact, occordjog to Professor Newton, 
mateor consisted of a large flock of brilliant balls chasing each other ft 
the aky, the number being variously estimated at from 20 Ui 100. 
flight is of peculiar interest, on account of the long continued violent i 
tegration. The region round Chicago was overcast, and though the cl. 
were remarkably illuminated, the meteor itself was not seen, nor were UJ 
sounds heard there. From St Louis no sound is reported. But over all llwi 
tre of Illinois, between those two cities, a terrific series of exploeioas oceui 
The sound vros also heard at Eeokuk, in Iowa, but apparently not elsewlinn 
in tbml State. Over the northern part of Indiana the passage of this mtw. 
wu fbllowed by loud e.vplosions, and a rumbling was heard as fkr Md 

~ ^ but whether due to the meteor is unceruin. Whsthw 
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portion of the body ponaed ita way onward -over the SUte of New Y<Mw| 
Bid uul of ibii earth's atmosphere eeema doubtful. Ite path wm nearly 
pmllel to the sni&oe of the earth, and might eaailj be upward in iw latter 
put. Itut if the eky was then clear over weatem New York, the nu'tvur 
would in fuch caw cerUunly have been seen in that region. The path was 
N. 'fi° £., and nearly or quit« a straight line, not lese than 1,000 miles 
Idd);. The duration of flight was Tariously estimated from fifteen eeconda 
up to three minulea, but of course no one saw the body through more than 
• fracticn of its path. It entered the air in a course differing only about 
'^f from the earth's motion, and whs overtaking the earth. Ila real motion 
ther-fora made a »till smaUer angle with that of the earth, but the relative 
Vflodly wiu eo elan, probably not more than tea or fifteen miles per second, 
tW the earth'a ettraclion must have changed its direction greatly. Pre- 
liiiiu to the change it must have been coming &oni a point near and n little 
itulb nf the ecliptic, in the eastern or southern part of the uonstellation 
Ciipnnicu^, but there appears to be no known meteor radiant at that time 
aw that part of the heavens. According to the "Western Review" 
(February, IH^T), the meteor was lirst observed at Hays City, Kansas, 
fHajjig ilowly along at on altitude of about 25 degrees above the horizon, 
iBpudng over Kausas City (Missouri^, it is said to have appeared " about 
■ liige aa the full moon, with a train from 33 to 100 feet long, of a red- 
didicir orange colour, and entirely tmattended with any noise or sound." 
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.VatTM MetaHie Iron/mm BrazU. — M. A. Damour has communicated to 
'lie French Academy of Sciences (Covipteg rm<hi». Match 12, ll:'??) a notica 
' a native metallic iron &om Santa Catharina, in i^razil, which ia sup- 
f^ojed to bo of meteoric origin. The mass resembles wrought iron in appear- 
itDce, can be worked with the lile, and, although malleable, breaks easily when 
tirongly bent. Ita fracture is fine grained, and shows an appearance like 
■tiatiflcatinn in some parts. A polished surface, when treated with ncid, 
■bowed Widmanstatten'a figures. Its lillnga, when moistened and exposed 
to the air, do not oxydize. The specific gravity of various fragments was 
found to be 7-747, 7*825, and 7'830. M. Damour describes the .process of 
I to which he sultgect«d this substance, and gives the following aa , 



Iron . 
Nickel 
Cobalt 

filulphur 
Phosplioru 
Carbon 
Hilidum 



0-0148 
0-00] 6 

0-ooon 



Total . O'l)050 
■ proportiona of carbon and sihcium are therefore very nearly the s 
« found in the best samples of iron ; and the amount of nickel is v 
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much greater than Utat met with in any known meteorie iran. To I 
preience of this great proportion of nick«l M. Btunoui attribatet tlie nti 
toce of thU iron lo oijdatioD, and to Uie action of dilnta sulphnrie ■ 
hjdtochloric acida. 

In confinnation of this opinion, M. Qouauagautt stated that he hndftni 
that allojB of Ateel with 5, 10, and 15 per cent of nickel, mthei Beemed 
favour oxidation, and that he had eeen the filings of meteoric irom tt 
tuning from S to 7 per cent, of nickel Tiut veiy qoicklj imder tiiB joi 
action uf air and moisture. But since the eiaminatiou of tlie tion fa 
Santa Catbarina, he had prepared in hi« laboratorj' an allo^ of AS per at 
(if st«el with as per cent of pure nichel, and found that neitliat tk* Si 
face of the ingot nor the filings from it nver rusted hy contact with oil N 

From a statement by M. Daubr^e, it appeara that thia native tMO 
exceedingly abundant in the province of Santa Catharina, where it U vittk 
to a considerable extent, several Ihouitand kilogramuies having been alteadj 
extracted. He describee its constitution as excee^gly c ~ ~ " 

the metallic iron, it cont«ns particles and alendei veins of pyrrhotins, Ci 
magnetic pyrites, which, when dissolved in add, leaves, beddas sulphnr.i 
black residue in little crystalline lamiuffi, which proved to be giaphita 
The surface of the mass is covered with a hlacb crust of mi^etite, and it 
same mineral in ninny cases eeparales the pyrrhotine from the grey ira 
The origin of the masses is doubtful; but, as M. Daubrtie reuinrkt, ih«i 
chemical and mineralogiral characters have never yet been observed ii 
authentic meteoric iron. 

TeUuride of Gold, a new Mineral. — A pure crystalline tellutide of gcli 
bas been lately discovered at Nagyfiz in Hungary. It was cxhibittd ij 
Professor Krenner at a recent meeting of the llmigarian Geological SocisI; 
and the name of JtunteniU was proposed for it. 

Supposed Organie Enclotures in Quarts. — Pastor Ktiwall has i 
nicated to the Imperial Society of Naturalists in Moscow ("Bullslia,' 
1676, No. 3), an account of the occurrence of organidtus enclosed la lock- 
crystal In a specimen from TJfalei, in Siberia, be found a pale ga 
naked caterpillar with a dark bead, 1-7 millim. in length, and 0*3 milU 
in thickness. He re^jrards it as probably the larva of a TiaMd M 
and proposes to name it provisioually Tineila aytliUii. Above tl 
larva is a smaller and more contracted one, only 07 millini. 1. 
Another surface shows a third, bent caterpillar, and tn the loft nf thia t* 
smaller ones. Be^dcs these there were some h^f-doxen of amnll lorrn, uA 
many brownish and greenish fragments, some of which probably r 
the excrement of the caterpillars, lu another crystal bu linds t 
euelosutes, probably represenlbg confervte. 
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^^mmtilirt FUnnei. — A new form of bumer for the production of eensitivB 
^Beab described by Mr. B. H. Ridout 0' Mature," ev. IID). It hue the 
^Blntage of givinj^ r very senaitive flame at very low pressures. It con- 
^^■of aglusormet&l tube about five inches long and fiTe-eightha of an tnc^ 
^^Bameier, doHe4 at one end by a perfomted corli, through which elides ». 
^^Hb of glau tube oDe-eighth of lui inch in diameter, and about eix inchea 
^Hg. One end of the Bmnller tube is dawn out in the blow-pipe to form 
^Hk with an apeiture of about -^^ inch; the other end is connected with 
^■l lupply rif ga9. The larger tube being then fl^ed in a support, the 
^■Mller one is pushed up into it tbiough the perforated coth, until the jet 
^^■tare it nearly level with the mouth of the larger tube ; and on a light 
^^■g applied, it givaa a long steady flame, which is rendered aeositive I^ 
^^king the emtJler tube. 

^^Vf »n iageniouB arrangement the ttanic geatletnan has arrived at some 
^^■Mtiog results with regard to the influence of combuHtioD on the pres- 
^Bl of gas in tubea. Two parallel vertical tubes are connected by a 
^^■■ontal tube containing a drop of wnter as an index of pressure. When 
^^K is allowed to flow through both tubes, and one of the jets is bghted, 
^^k water moves towards the other, showing that the eCTect of the combue- 
^^B IB to obstruct the flow. A sensitive flame was found to produce greater 
^BJAance when shortened by a noise or a musical note, but this eSect is 
^Hlttced even when the jet ia not lighted, 

^KBi/ngi^g Tnbei. — M. A. G. Moatenot lately exhibited to the French Society 
^Vtbe Encouragement of Industrial Arts some experinients on metallic 
^nlKB which produce sounds when a source of heat is placed within them in 
ft particular nodal position. A copper tube, into which apiece of metallic web, 
beat«d to redness, was introduced, produced an intense sound. Into another 
tube a little furnace, containing incandescent charcoal, was put, and this 
also produced a musicnl sound, which was modiQed according to the positiou 
occupied in the tube by the source of heat, and the length of the tube. H. 
MoDtenot regards this experiment as particularly interesting, not only from n 
theoretical point of view, as introducing a new element into the investigation 
of the cause of the sound produced by singing flames, but also because it may 
admit of industrial application in the production of sounds of suflicient 
intensity to be heard at great distances, as fog-signals on dangerous coasts. — 
Let Mimdn, February IS, 1877. ' 

A Gigantic Iiiditdion Coil. — Mr. Apps has lately constructed for Mr. W, 
Spottiswoode the largest induction coil yet made. It is despcibed by Mr. 
Spottiswoode in the " Philosophical Magazine " for January. It has two pri- 
maries. That used for long eparka has a core consisting of a bundle of iron 
wires '032 inch thick, which form a solid cylinder 44 inches long, and 3'£6S6 
inches in diameter, and weighing 67 pounds. The copper wire of this primary 
is 000 yards long, and -tiOe inch thick; it hasaconductivity of '03, and a total 
Peaistance of 2*3 ohms. It contains 1,344 turns, wound singly in six lasers ; 
its total length is 42 inches, its btemal diameter 3'75 inches, and its ex- 
IkdmI diameter 4'75 inches. The second primary, to be used with batteries 
I KHstance for short thick sparks, and for spectroscopic purposes. 
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a core weighing 03 pounds, and 84 poimda of wire. The Ittttet 

" 5 U) ba equiTaleot to « wire of doubia or six Uni«« 
section of a single wire. The eecondaty coil cciiisi«ta of 'J60 mflwof win 
arranged in S^l.l^'SD turns, and forms a cylinder 37'6 inches loH); ; its in- 
ternal and external diaraeters are reepecticely 9'5 and 30 inches. The total 
resiilnnce is 110,300 ohma. It is wound in four sectionB, the diametar nf 
the wire in the two central sections bein^ '00Q5, and in the outiv "Ollil 
and -0110 inch. The increased section of tht^ extremilies ie to allow foi lite 
accumuhited charge that portion of the wire bus to carrj-. A condenser of 
the uze commonl; employed with a 10-inch coil was found to give tho baK 
results. It consisted of 12(J sbeetB of tin foil, 18 by 8-25 incht^s, B«psnt«d 
by two tbicknessee of varniabed paper '0055 inch thick. With five quut 
Grove cells a spark of 28 inches was obtained ; 10 cells gHVe one of 35 
inches, and 30 one of ST-S, and afterwards of 43 inches. Tbe«e Bparka were 
obtained without any difficult]-. With the ^B-incli upork a block of flint film 
three iache.s thick was pierced. Id vacuum tubus this coil produooa ilia- 
raination of great brillianc; and long diiTHliou ; with ^m ^ to 30 ceU% 
and a slow mercury break, the stria! last long enough to enable their fb^ 
ward and backward motion to be perceived directly by the eye. Tba 
appearance of the stris, when viewed in a reTolving mirror, wns remarkably 
vivid, even when only two or three cells were employed. 

Evolution of Hydrogen at both EleHrodu. — According to Dr. Fln^im 
(" Bericht ISerl. Chem. Gesellecb," January 1377), if a magneuum wire ba 
made the anode in n decomposition-cell containing very dilute eulphnric idd, 
with a platinum wire as the cathode, hydrogen gas is evolved at botJi uls^ 
trodes, though only half as much is produced at the anode as at the cathod^ 
whatever may be the strength of the current employed. A modertilely dUntO 
solution ofmBgnesium sulphate gives the same result, but in thii case nagne* 
eium hydrate is deposited at both electrodes. The quantity of the niagoesiiua 
dissolved at the anode was found to correspond exactly to the auiauot of 
hydrogen set free there, the volume of hydrogen evolvi^ at the calhoda 
being the same as that set free in a voltameter in the some citcuit. The 
author believes that the posiUvity of the magnesium ie so increased by tbe 
current that it combines not only with the oxygen set free by the cuit«DI| 
but also with additional oxygen, thus setting free th.' hydrogtn which ww 
combined with the latter, lie is, however, unable to explain why lb« 
Hmount of hydrogen thus evolved should be exactly half that produced at 
the cathode. — SiBimaa't Journal, Harch 1877. 

A'rm Dvep Sea Svrmding Afiparntas. — il. C. Tardieu has communicated 
to the French Academy of Sdeocea the description of a new souuding appa- 
ratus invented by him. The apparatus consists of n hollow sphere of india- 
rubber, Beveral centimetres io thickness, communicnting with an inn 
reservoir, by means of a narroiv tube furnished with a valve, the india- 
rubber sphere being SUed with mercury, any increase of prebsura forcesiflU 
the iron reservoir a certiun quantity of mercury, the return of wbich I* pi»- 
vented by the valve. When this apparatus is let down into Aitajf water the 
weight of the mercury in the reservoir will serve as an indication of Ik* 
pressure to which it has been subjected, and consequently of Ifaa 
Attuned. — CbmfJtes rendai, 5 February, 1877. 
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77ir P/imomena of Diijetiiim in the Stotnm-h.—yi. C. Richet has had aa 
"ipporlmiiiy of renewing the direct obsenationa made in AmeTicn mniiy 
years agi) bj Dr. Benumont upon tlie action of the stomach. A boj, suffer- 
ii]g from an impassable conBtrirtion of the osBophagiia, was operattd upon by 
Professor Verneiiil, who performed upon him the dangerous operatinn of 
m«lrotamy. The opeiatioa nas Bucoesefu), and established a permaneiit 
opening into the slomnch, through a sound placed in which the necessary 
food was adminiBtered to the patient. In soniH reepecta the cnse wtw par- 
ticularly important, as the complete im permeability of the oesophnguB pre- 
vented any ndniiitura of Mliva with the gnatric juices. M, liichet found 
that the BtHy of the food in the stomach waa rather rariablir, but it Avaa 
genernlly Irom three to four houra in the case of ordinary food, duch as 
ttarchy materinls, {».\m, and nieat. With milk the atomachal diirestion 
lasted front an hour and a half to two hours : tlie abaorptiou of water and 
•kobol was much raore mpid, aa no tiacea of them were to bi.' found in from 
thirty-five to forty-five minutes. The food does not graduftlly disappear 
from the stomach, but apparently it passes through the pylorus almost, as 
tb^ author fays, en bloc. During the fir^t three hours of digestion the 
Tolurae of the mnsa of food is unchanged; then,witjiin a quarter of on hour 
•t the utmost, the whole has passed awaj. Hunger ia not caused simply by 
emptiness of the aioniHch ; the organ is generally empty in four hGurs after 
a men], but the sense of hunger is not felt until the lapse of about ux 

To obtain pure gnatric juice, M. Richet first washed out the atomach 
several times with distilled water, and then gave the unfortunate boy some- 
ihiug tasty to chew, when by a reflex action the secretion of gastric juico 
was pretty abundantly produced. The aver^ acidity of the gastric juice, 
whether pure or mixed with food, was found to be equivalent to 1'7 gruns 

■( hydrochloric Rcid per 1.000 grammes of liquid. It varied from 0'5 to 
.' grains. Wine and alcohol inciease the acidity ; cane sugar ditniniahes 
>:. When acid OT alkaline liquids are injected into the stomach its iluids 
: rid rapidiy to resume their normal acidity, the latter being attuned in 
About an hour. The gastric juice is more acid while digestioa is going on, 
and the acidity increases slightly lowaida the end of the operation. — 

Cutn^t* rendut de CAcad. dea Set., March 5, 1877, 
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rrotectice Mimicry in SaU. — Dr. Archer has noticed that a Brazilian 
bat I Jihynckoni/cterit nato) preaents an example of protective mimicry, 
inasmuch as, during repose, it hangs from the branches of trees with its 
winga extended, so aa easily to eecape notice among the leaves. Dr. Dobaon, 
in a letter to " Nature " (February 23), in reply to that of Dr. Archer, indi- 
CBlt« other iustanees of mimicry in the same order of mammals. Thus 
JCeriraula picta, J'apertilw formotui laid V. WehcilKhU, although differing 
^A| t'eveial respects, and inhabiting widely separated regions, exhibit a 
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very limiiAr eoloratioa, the fur of the hodj being of some ithade of onag«- 



bronn, whilst the v 



•e and blw^k. The graunda 
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e niogB are Tarieg-ated with orange 
foi regnrdin^ tliis colonttioD as an instance of protectivA niimicry ma; be 
Been from the following qiiotatina fmiti a paper hy Mr. Swiuhoe. He Kays: 
— " A Bpecies of Eerk'oula allied tu A'. ;ji'rta and i'. formota, wae brought to 
me by a native. The bodj of thia bat was of an oiangc-browD ; but th4 
wings were painted with ornnge-yellow and black. It was caught, sus- 
pended head downwards, on a cluster of the round fruit of the Longao-ai-a 
(A'ljiAtliiim limffonum). Now this tree is an evergreen; and all the year 
through some portion of ila foliage is undergoing decoy, the particular leave* 
being, in sach a stage, partially onuigu nod black. Thia bat can, therefon), 
at all aeasons, auapend from its branches, and elude its enemies by iu tsMni- 
blnnce to the leaf of the tree. It was in August when this spedmen wu 
brought to me. It hod at that season found the fruit ripe and reddish- 
yellow, and had tried lo escape obfiervatJou in the eeuiblance of ita own lial< 
to those of the fruit." With regard to the great Frugivorous bale gf tiia 
genus Itcrojivii, which measiiro nearly a foot long, with on expanse of wing 
between four and five feet, Dr. Dobson says; — "Anyone who has aetiD a 
colony of these bats siupendud from the branchesof a bnnyac-tree, nr from a 
wlk cotton-tree {Eriodendrim arienlale), muat have been struck with ih«it 
resemblance to large ripe fruits, and this is espedally noticeable whem thny 
hang in clusters from the leaf-stalks of the cocna-nut palm, where tbey any 
be easily mistaken for a bunch of ripe cocoa-nuts. Hanging close togetbar, 
each with hia head bent forwards on the chest, his body wrapped up in th* 
ample folds of the large wings, and the back turned outwards, the brightly 
coloured head and neck is presented to view, and resembles thi 
of a ripe cocoa-nut, with whioh this animal also closely corresponds 
Of the smaller Frugivorous bats of the genera Cijmiptatu and Mat. 
which feed on the fruit of guavag, plantains aud macigues, Dr. DofaHn 
remarks that they " resemble these fruits closely in the yoUow colour of 
their fur and in their siie, so that it is very difficult to detect one of tbew 
bats when suspended amoug the leaves of any of these trees," but be ii not 
prepared to maintain that these are e.iamples of" protective mimicry," 

The A'eit of the ^i/e-,dye.— According to MM. A. Milne-Edward* ud 
Qrandidier, that curious quadmmanous mammal the Aye-Aye (Cfttfwi^ 
madagatcaneim*) coUBtruets n large globular neat. A specimen prtwHMl 
by M. Soumagne, honorary Freui/h consul in Madagascar, and sent bjr faim to 
Paris, is described ns being made with much care and art at the fork of 
several branches of a large Dicotyledonous tree. Its outer snrfice !• 
formed of large rolled-up leaves of the Havinnia (or travDllera' treo^, aerviD; 
as an impermeable covering for the interior, which conbiins an uccumuUtiiM 
of small twigs and leaves. The narrow aperture is placed on one ude. lo 
this respect, «s MM. Milne-Edwards and Orandidier remark, the Aya-Ay* 
resembles the lower members of the order Lomurina (such aa LepHaimt 
I, and especially Miurocebtu), which bring up Iheir jauag wtfctr 
H of trees or in true nesta. The nest of Mtcrocdim mi/iniiuu i» de- 
ed as resembling on a small scale that nf a crow, bebg compossd of 
1 twigs interlaced, with a depression lined nith hairs in the centra, '^ 
V« jouug repose. — Comptes reiidas, .lanuary 92, 1877, 
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■ Alfrt of the Gaurami. — M. Cubotinier has studied and described the 
H of seierel species of fiahee befoaging t« Ibe curioua group of the 
I^byrinthici, the "Pbarjngiens labyrijithifonues " of Oavier, to called 
from ibe uognlar structure of tbeir pbarvngeal boues, which cotiatitute ou 
each side s labjrinthic cavitj for the reception of water, serving to moisten 
the frills when the fish is out of i(d native elemeot. The Climbing Percb 
(Analiat icmiimt) of India is perhaps the most generally known spedet of 
ibis group, but the most important oae is the Gouratni ( Oiphromatiu olfa.f), 
an inhabitant of the fresh waters of China and India, which grows to n 
Ittrge file, and is highly esteemed for the excellence of its llesh. The 
history of its nidiScation, as told by M. Carbonnier, is very cnrious. Aa 
in the faae of most if not all neat-building ftshes, the labour falls to tlie lot of 
the male. H. Carbonnier placed bis gouiiiniis in an aqunrium containing 
about 48 gallons of water, which he kept at a temperature of 77° Fabr. In 
a few days the bodies of the males displayed brillinnt colours, and they 
begitn to pursue each other, and struggled furiously for the regards of the 
ft-moles. Having selected tlie finest male, ^. Carbonnier left him in the 
aqufcrimajwith afenwleintowhoee good graces he seemed particularly nniioua 
to icidnuate himself. He soon commenced in one of the corners of the 
aquarium tba formation of a frothy nest, which in n few hours was G or 
7 in. in diameter and 4 or 5 in. high. He then rose to the surface of the 
water, and drawiui; in a supply of air, giadunlly emitted it in the form of 
bubbles, englobed by the mucous secretion of the mouth ; these bubbles 
he collected and Carried into bis ne«L The nest being completed, the male 
watched by it patiently, and whenever the female approached he displayed 
his brilliant colours, until at last ho seized her and caused her to perform a 
first spawning, and these operations were repeated until all the eggs were 
lud. In order to raise these into the floating nest the male now adopted a 
singular device. Rising to the surface, he took in an abundant supply of air, 
and than, descending, he placed himself well below the eggf, and suddenly, 
by a violent contraction of the muscles of the mimtli and pharynx, drove 
the air contained in tbem out through the hranchinl apertures, from which 
it issued so divided by passing among the lamellio and fringes of the gills, 
that it formed two jets of n regular gaseous dust which enveloped the eggs 
•nd carried them up towards the surface. After the operation the mole 
gnurauii himself looked as if he had been sprinkled with thi>u)iands of 
minute pearls. Tbe number of eggs produced waa estimnited by H- Carbon- 
nier at between twi) and three thousand, but only about six hundred of 
them batched. For three days tbe young fishes resemble globular tadpoles, 
but within six days after hatching their dovelnpment is completed. Then 
commence tbe paternal troubles of the male, for the young lisbes, with tbe 
conceit and heedlessness natural to tbeir time of life, immediately begin 
Mcaping from the xhelttr of their nest. Tbe male, however, pursues tbem 
and drivi-s tiiem back by means of jets of nir-buhbles, and it is not until 
t ten days after hatching that they are left to wander at their own 
I UtA pleasure. M. Carbonnier states thai he has 520 young gouramia 
Icb were hatched in his aquarium in July last, and which at the begin- 
J of December were from !{ lo SJ in, long, Uo seems to hint at the 
■ibtlity of acclimntizmg the fish in Kurope, and remarks that, among 
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other Bdvantnges, it poaseaaeB the faculty of spawning sererul til 
year. — Cumptet reruitu, December 4, ISTIi. 

Digative Orgimt "f the PhaUmguia. — M. Fi5lix Plateaii describes 
organs na fdllaws : — The digestive tube conaislB (if n short oesophngns, 
foUoned by an immeDge meditm eac, into wliich upon dorsally about thirt; 
voluminous cieca, which occupy nearly all the cavity of ihe body ; and 
laatly, of a short terraioftl intestine, which roceivas the molpigbtiui tubes. 
The cKca opening inbi the middle intealine are identified by M. Plntckn 
with the voluminous oinan commonly called the Uver in the true 8[Hden, 
and not, in accordance with the opinions of previous wrilen, with the cieea 
at tbc binder part of the sucking cBsophagus of tho»« anlniab. He aUo 
holds that the denomination Ueer cannot properly be applied to these otgiiu^ 
either in the niachnida or in the Crustacea, but that their office is the 
eecretion of the principal digeaUve fluid. — Ann. and Mag. Nat. HiU., Mareb, 
1877. 

Devtlopjaent uf TiFma inermii. — The prevalence of Tienia iiitrmii Kt 
Montpeltier, Cette, and Marseilles, led MM. Masae and Pnurquier to eodeR- 
vour to abcertain the history of that Inpeworm. They admtnitteTsd 
numerous segments of the worm to two lambs, and a calf, » rabbit, And a 
dog. The lambs, the rabbit, and the dog did not appear to suffer from tlie 
experiment i and whsn killed and examined at the end of about seven 
weeks, no traces of cysticerd could be found in them. Tli« calf, on the 
contraiy, showed symptoms of inconvenience in about a fortnight, and Uiwe 
increased until, two months after the administration of the joints of the 
tapeworai, be was in a condition tbat showed he could not long lurvirCi 
On examining the tongue, there was found near its base on the Ivft dds > 
swelling about the size of a small haricot bean, under the tnuroua meni- 
brane. The animal was then killed, and about forty cysticecci were fOBUd 
in the muscles of various parta of the body, but none in tbe heart, hrun, 
liver, or any of the other viscera. The cyst first observed on the tongas 
was nearly three- fifths of an inch long; those of the muscles were cmjf 
about half this size. The cysts were clear, and allowed the heads of tht 
future Trfrda to be recognised within tbem ; these presented the cbanctati 
of Tfcnia inermi». These experiments confirm the results obtained b| 
Leuckart, Cobbold, Enoch, and Soint-Cyr, and the author supposes thst itii 
to tbe importation of cattle from Africa that the prevalonoo of Tmu» 
inertnii on the Mediterranean coasts is to be ascribed. Tbe existence of tht 
cjeticercus in tbe living animal may be recognised by the presence of uniQ 
tumours under tbe tongue. — Lei Mondet, December 28, ISru. 

Podophrya fija motile. — A communication made by M. K. Maupu to Ibt 
French Academy of Sciences {Compte* rendu*, November 13, 18(0) will be 
interesting to microscopists. He tinds tbat Fodophrya fij:a beljm its naiiie> 
and con at pleasure pass from a fixed to n motile stnle and vict vend ; in UA, 
aa he says, it is the most vagabond of Aeinetina. Whether free ar£x«d,tte 
author aaya, the body of the Fodophryn is always nearly of quite spberidli 
with tbe suckers distributed pretty regularly over the whole euifaoo, exe^ 
on a imall peripheral region corresponding tu the part where the contntdils 
vesicle is situated. After watching some of thero for a time, M. MaapH 
saw tbe suckers slowly retracted iuio tbe body, whilst at tbe same lime ibt 
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sitckedeas part became deprvased, fonniag a furrow which eveDtually gnve the 
bod; a reniform appearance. The surlacii of tbe groove allowed what appeared 
lobe itriie, but these were resolved byahiglipower into rows of little point* 
whicb increAsed rapidly ; the furrow spread bo aa to form n riug round the 
body, and its poiats became converted into lon^ thin dlin which began to 
oscillate gently. The aucliers had then enttielj disappeared, and sfter a tinie 
the body was ftnttened in adirection vertical to the ciliated belt, the cilia 
became more active, nod the PoiJopArj/a moved through Ibewater, turning upon 
itself, bnt vritb the part where the furrow originally appeared always in front. 
All these changes took place in about half an hour. The period of activity 
varies io length, and in returning to the motjonleas condition the Poduphnjn 
paMes through a aeries of changee the reverse of those above described ; the 
suckers appear first, then the body shortens and becomes broader, the 
vibratile cilia are ^raduiJly retracted and the body rounded, and in about 
twenty minutes theimimnl resumes its globular form with its surface covered 
with long suckers. The same individuals passed several times through this 
Kziea of metamorphoHf^. AI. Maupas regards Podophn/a as an intermediate 
type uniting the Infusoria .Suctoria with the Ciliata. 

CommeTuatiim in Colcr]iiUara.- — ^Dr. Fritz MiiUer describes a curioua 
instance of commensalism in two larvie of some unknown Lepidoptera. He 
Mys the larger caterpillar, which has a red bead, aud id protected from 
enemies by long, branched, white stinging bairs, lives on mulberry and 
other treea. Like other protected caterpillars it is lighln^Ioured and sits on 
the upper Bur&ce of the leaves. The second caterpillar is a little blackish 
fellow, and lies across the back of his larger companion, concealed among the 
stiiiKiiig epine-Iike hairs of the latter. When taken ot) he went back to his 
original place immediately. In order to photograph the two animals Dr. 
Frita Hiiller stnpefied the large one with lother, which caused its death in 
about two days. The smaller caterpillar then quitted bis post, and took up 
bis abode on a second specimen, the place that he had occupied on his former 
host, having: a pab and worn appearance. The smaller caterpillar stretches 
down from bis position of vantnge among the spines of the larger, and eats 
little holes in the leaf on which the latterrests, — Zoal. Gartm, 1877, p. 67. 

Fauna of Lakt OolaJia.^Tiie study of the faunas of isolated sheets of 
water promises to famish some of the most striking direct confirmations of 
the theory of the origin of species by descent with modification, and all 
record' of such investigations must be regarded as of much importance. 
Ijttke Ookcba, on the fauna of which Professor Kessler has lately published 
a meminr in the " Memoirs uf the Society of Naturalists of St. Petersburg," 
]■ one of tbese interesting localities, being situated in the Caucasus, at a 
htnght of 6,410 ft, and entirely surrounded by lofty mountains, through 
which only S small river carries ofi*its surplus waters. Its surface occupies 
about 600 square miles, and its general depth varies between 150 and 
2€0 tL, but in one part it reaches 31(1 ft. In this lake Professor Kessler 
found SpOTiffilleE to be exceedingly abundant. The commonest worm is 
Jfepheiie ndj/aru ; the cruel&cea are represented by numerous £Dtomoetraca, 
and by a single species of Oammarwi ; the Oasteiopod molluacB are all well- 
loiown European spedes {Limneetui itognaUi, ovatiti and auriculariufi and 
^Bflonorftu carinatas); and the Itufn virlilh and a local variety of the 



Q frog aboiind. With the Rihea the cue is Mmewfaitt diffeteat, snid 
thia fact u interoiting Lu connoction ivitli the recent observiitifiaa of M. 
Victor Fatio on certdin gpeciea of HbH in the Swiss lakes. Although the 
lakes swarm with fish, these belong only to five species, three of wUdi, 
pertaining to the genu* Sohui, are regiinled hy Proreasor Kesaler aa new, 
olthouji'h iiUied to or iateTmediKte between the well-known European 
apeoies Snlino fario, S. trtdla, imA S. lamuitiv. Professor Keasler propoaea 
to nftme them Salmo i$ch<m, hegarami, ftod boihfbtic. Of the other twi> 
species, one »ery closelj resembles Cnpoita ftmdiiia I'dllna, b Central 
Asistic species; and the other most nearly approaches Jinrfnt* Cyri, 
de' FilippL The last-named species inhnbits the streams flowing into tha 
lake from the mountains. 

Deiiiode.1' folHculontm. — Whether Butler's reference to the " maggt 
(ibeesemonger's nose " is to be taken as evidence that the philosophMi iif 
his day had any knowledge of the existence of the curious paraMta in tl 
follicles of the human skin to which the above name has been given, is 
question that we may leave to the learned in such matters, who may at tl 
same time settle whether cheesemongers are more subject than other mt 
to the peculiar pimples which betray the presence of the pamste. Onr 
first definite knowledge of it is due to Dr. Simon, of Berlin, who discoverad 
it in 1842, by the ftssistAnce of Erichson recognized iU affinity to the mhn 
fthe group to which the itcb-paraaite also belongs), and described it pmttj 
fully under the name of Aenntt foUiaiioram, Professor Owen, in 184% 
founded a new genns for the reception of the parasite, and called it 
Demadex ; lilrBsmua Wilson, who regarded it ns a worm, named its gennf 
Entcaoon ; M. Paul Gervaia, in ignorance of Professor Owen's name, gave it 
the generic name of Sinumea ; and M. Mieacher, changing both nai 
christened it MacrogntUr ptatypiu. M. P. MSgnin, a well-known student of 
the Acaiina, has just puhlished (in the "Journal de I'Anatomie et ds> la 
Phyriologie," 1S77, No. 2) a long and^ interesting memoir upon Dtmadaz 
foUievloram, contMning a history of our knowledge of the animal, a diM 
sion of ils zoological affioides, a full description of ita strucliire, and an 
account of its development and habits. Like its discoverer and most 
the EoologistA who have described it, he refers it to the order of Uiba 
(Acanna), and, following M. Paul Gervaia, he regards it as forming a i" 
tinct family (DtmodiHiltr) in that order, nearly related to the Bear Ania 
cules {Arctiica or Tardii/raiia), so well known to all micnwcopists, oB 
account of their wonderful faculty of coming to life again after deoccatioD. 
These creatures are minute, somewhat worm-like parasites, from ^ to 
about ^ inch in length, having n mote or leas oval cephalolborax, bsatisg la 
front a sort of rostrum composed of mandibles, maiilla>, palpi, and ligula, 
and along its aidea four pidrs of short, three-jointed feet, each furnished mti 
a pair of blunt claws. Behind this part comes a thinner, finely^ringed 
abdomen, variable in length, but usually longer than the cephalothontt. 
The Uttje animals are found in the aebaceous and hair follicleB of the ekk 
in man and some animals. Tbey are said by M. M^gnin U> he rivipaioni 
the femalee producing small footless, contractile larvffl, without anjr moulb 
organs ; these, shortly afl«r tliMr birth, acquire three p^ni of Mpinl 
Tve them u &et for creeping about. A change of tkin 




caoverts tlieiw InjTie into pupre of similar form, but bariag four p»ir« of 
papillifonn feet, Riid ibowing traces of the rostrum. After s second change 
the perfect Demodex is produced, but still without the sexual orguu, which 
maki^ their appeftrstice eubseqoently. M. M^/nia di^tiaguishei three if not 
four forms of these puasiteH, which, however, he pretem to regard for the 
pneeot m varieties of a ainjtie spedeJ, Demndnc/oilietilurum. The commonert 
of these appears to be that of the dog (v«r. carunia), which inhabits the hair- 
fulLicles of all porta of the hodj of that animal. A smaller Tariely (eiUi) 
is found alffloet solelj in the sebaceous gland j of tb^ ear of the cAt ; and a 
larger one (Tar- hominin) in the follicles of the human face. M. Simon also 
mi^L with similar parasites in the glands of the margin of the eyelids in »heep 
(var. oru), but no other writer has ever neen Uiem there. In the dog thepre- 
•enre of these paraaitea, which occur in great numbers together in the hair 
fidlides, produces areguUr sldn disease, or mange, but this does not appear 
to be transmissible to the human subfect. 

InteJliffrnce of AnU. — Sir John Lubbock has communicated to the 
IJnnean Society, a fourth part of bin " Contributiona on the habitA of Ants, 
Beps, Hiid Wasps," in wiiich he describes the resulto of numerous ingenious 
experiments made to test the intelligence of Tarious species of the firat- 
aamed group. IndiTidunls of Lofiutniger, engaged in fetching larvte out of 
I a MnaU (ilass cell, in which they passed orer a somewhat complicated bridge, 
1 mt* at once stopped in their proceedings by the interposition of a small gap 
rfonly ^'i, inch ; they had not sulEcient intelligence to drop this short distance, 
un!«H indeed they were deterred by prudential considerations as to the 
possibility of getting back, nor did those below adopt the apparently easy 
loethfid of crowding upon each other to the required height to re-establish 
the broki.>n communication. As an example of consdentious industry, Sir 
John cited the case of an individual ant, which he was in the habit of sbut- 
litjg up in a bottle before leaving home for the day; the little prisoner when 
released immediately commenced work, and even a week's imprisonment 
liad no siTect upon its zeal. From some eKperiments, it nppears that ants 
when in difEculties in sight of their companions are by no means always 
aaast^d or relieved, and this is especially the case when the charms of a 
store of honey or other food come into competition with the promptings of 
the benevolent instincts. Individuals under the influence of chloroform 
were generally passed without notice, but sometimes even their friends 
would push them out of the way ; the general practice was to let friends lie, 
but to drop strangers over the edge of the board. Intoxicated anls appeared 
tr) be a puzile to their friends, who, however, generally picked them up and 
cnrriAd tJiem into the nest; but strangers in the eame condition were not so 
kindly used, they were thrown into the water and drowned. Sometimes 
roistJLkea occurred, strangers were carried into the nest, and friends thrown 
into the water ; no attempts were made to save the latter, but the strangers 
were generally detected and ignominiously dragged out of the nast again. 
From various eiperimenU it appeared that the antn of an entire nest know 
and iBCogoixe each other ; indeed even after a year's absence, old companions 
are recogniiod and amicably received, whereas strangers are almost invari- 
ably aUacked and malLreaUd, even whea mixed witb old friends. In this 
^MHi^ jMWnar, difleiMtt fpeciM show differences of character; Lasiu* 
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flams behaves as above described, but Formica fusca is much milder and 
more courteous in its demeanour towards strangers. Some of the experi- 
ments seem to show that the sense of sight is not veiy acute in certain 
species of ants. Thus, food was placed a few inches from the nest on a 
glass slip, the straight road to and from which was soon learned, but when 
the food was shifted only a short distance from its original position, the 
same individual ants wandered about in a circuitous path for several 
minutes and sometimes for half an hour, before discovering the new localitj 
of the food. Sir John Lubbock confirms the statements of former writers 
as to slavery being a regular institution with some genera of ants, and states 
that the Amazon ants {Poiyergus mfesceHs) absolutely require a slave at- 
tendant to clean and feed them. Some of his experiments seemed to proTe 
that these aristocratic ants would rather die than help themselves. The 
author also referred to certain parasites on ants and in ants* nests. 
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STUDIES AMOXaST AM(EB.E. 

Br PROFESSOR P. MARTIN DUNCAN, F.R.S. 
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SHOULD a beginner in science wish to know what the very 
commonly repeated word Amcela represent* in natiu-e, he 
will, of course, seek for information in the niimermis deep and 
R>iperficial works ou natural history of the day. A glunce at 
the drawings given in half-a-dozen btioks will convey tbe im- 
pression that this creature is remarkably given to change its 
shape, for no two are alike; but untbrtunately this unintentional 
truth is qualified by the fact that there is a singular want of 
conformity and unanimity in the written descriptions. Home 
naturalists will tell the inquirer that Amoeba is an animal; 
others that it U a plant ; and the very philosophical assert that 
it ia neither, but that it belongs to the indefinite group of Pro- 
tista. There is, however, a general belief that it is an exceed- 
ingly minute piece of protoplasm, being tJie lowest form of 
living thing; that it ia constantly changing its shape, and 
protruding from one part after another, long or lobed projections 
called pseudopodia, with which it catches its prey ; that any- 
thing over which it paases sinks in and is digested ; and that 
it contains a nucleus, a contractile vesicle, and some vacuoles. 
It is usiially stated that there is an outer coat with a doubtful 
membrane on it, and a granular inner mass which never runs into 
the pseudopodia. Finally, it is said to cast off its legs and di- 
vide, the separate pieces turning to perfect Amoeba?. The term 
" amoeboid" is very constantly employed in explaining the move- 
ment, real or theoretical, of certain cells in the higher animals, 
and the idea is that it is a very alow, creeping, and changing one. 
Described as it is, and drawn as it has been, in the books 
by which the young naturalist has to be taught, can there be 
the least reason or necessity for asking. What is the AmQ.'ba ? 
Suppose the matter be looked into a little more deeply. It will 
then be found that some very admirable observers are by no 
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meaua in accord about the peculiar structure of Amceba, and that 
there is a great diHcrepancy of opinion regarding its mode of 
life, nature of movement, aud manner of reproduction. 

As the siihject is important and yet by do means difficult, 
and as the anatomy and peculiarities of t.he Ami^bse can be 
examined by anyone posiessing a good microscope and patience, 
the following studies have been brought forward in the order in 
which they were carried out, so as to assist any observer who 
may care to commence a similar com-se of investigation. 

If anyone will go to Hampstead Heath, and, aft«r enjoying 
the view over Harrow and Hendon, will walk down to the 
iMttom of the valley which in summer is a mass of ferns and 
moSH, he will find a amail stream with a very boggy bank flow- 
ing at last into a jwud. Here and there the running water 
flows over a nisty bottom, and moves long lines of confervoid 
growth in gentle waves. This is the home of Amtnba, for there 
is pure well-aerated water and favourite food in abundance. 

At the very outset of the investigation it is necessary to 
admit that Amceba comfortable, and Amoeba in bodily di^ 
comfort may present very different appearances ; and that a 
well-nouriBhed individual, roaming in plenty of water and weU 
supplied with air and food, will probably look very differently 
from one in a thin film of water with a piece of thin glaas not veiy 
lightly put upon it. In fact, Amceba well fed, free, and natural, 
is a very different creature from Amceba cribbed, cabined, and 
confined, and anxious about things in general. The one moves 
along in a definite manner, has a meaning in its equally definite 
changes of form, and its life is long, and has a definite termioar 
tion ; the other is ' all abroad,' pokes out projections and re- 
tracts them in a most disorderly manner, and soon comes to a 
point in itji career when its protoplasm loses its ' subtle influence,' 
and yet without molecular change, dies. Tliis last is the type 
usually drawn in books, and it only slightly resemble.s the flret. 
Then it is necessary to remember, before plunging into notM 
and drawings, that if the imhorn young of the higher animals 
during their stages of growth, resemble animals simpler in con- 
struction than those which they will finally be like, some of the 
immature lower animals may resemble the Amceba. In otbef 
words, we must know that the Amceba-Uke thing we are gohig 
to work at, will always lead an Amoeban life and die and re- 
produce Amcebas, and not turn to something else in its old ngv; 
or that it is the offspring of an Amceba. Moreover, in the study 
of the creature, it is necessary to speculate upon the possibility 
of Amceba having a romping childhood, a ret^tleas youth, and ft 
ruminating senility ; and that under the influence of esuberanct 
of growth, the desire for amatory companionship, and th< 
old age, it may present many kinds of activil 
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external liabits. Certain it is, that when young the AmcEba , 
plays tricks and imitates some of its fellow creatures ; that when 
middle-aged it roams about ; that in its marriage two become 
one never to separate or part ; and that late on in life it be- 
comes rotund and quiet, and very unlike its old self. 

There is generally not much trouble in finding the Amceba>, for 
if they are in the water at all they are usually abundant. Their 
particular locality appears to differ according to the kind and 
age ; and if for the sake of convenience they are grouped into 
three seta or types, one will be found in the midst of the minute 
miscroscopic alga* and confervae on top of the mud ; another 
will be noticed roaming over the tangled masses, and moving 
far and wide; and the third, more protean in its changes, is 
found everywhere on the glass, in the mud, and even floating for 
a moment or two in the midst of the water. Usually I have 
found the second kind (.figs. 2, 7, 5) very common when the . 
water and confervie were fresh from the stream, and its activity I 
is quite unlike what is usually called Amfeban ; but this very 
lively form, which rarely puts out long processes (pseurlo podia), 
and the shape of which ia often very sausage-like, soon becomes 
comparatively lazy, and permanently changes its shape into that 
of a disc or flat globe (fig. 8), which after leading a monotonous 
life increases in rotundity and bursts. It gives exit to a host of 
excessively minute globules, which are so many young AmcBbse. 

In my first examination of some of the Hampstead water, in 
which some confervoid growth and a small quantity of bottom 
mud occurred, I used an ordinary glass slide, with a thin glass 
cover. There were two kinds of Amcebas found within the 
field at once ; one was the active form just alluded to, and the 
other was comparatively quiet. The quiet one may as well be 
noticed first, as its construction was very definite and clearly 
seen. It was looked at within a few minutes of its being placed 
va the glass, and then it presented the appearance of a ragged 
half-circle (figs. 9, 1 0) of very transparent faintly granular pro- 
t«pla£m, in the centre of which was a correspondingly shaped 
mass of granules, refractive globides, dark spots, and one or two 
clearish spaces of circular outline. The distinction between 
the two parts was evident enough, but there was no strict line 
between them, and on using an object-glass of one-eighth inch 
focua, the clear protoplasm was seen to enter between the granules 
and other constitiicnts of the internal part, and indeed to be 
their medium. There was some slight movement on the free 
edge of the clear part, which may be called diaphane, and a 
ragged look was produced by a slight protrusion and a sub- 
sequent rounding off; and the internal mass (call it endosarc) 
had a motion going on within it which was peculiar. It was 
all edging away, so as to approach one angle of the diaphane ; 
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then there, was a movement of Borae of the graaules 
microscopic bodies amongst the mass, like a 8owing 
there, but still with a tendency towards etreaming in one gene- 
ral direction ; and the clearieh circular space suddenly he- 
came obliterated, and slowly reappeared again, and enlarged. 
Soon the outside diaphane began to creep from the end of 
the endoaarc, bo that vei-y shortly the Amaeha asBumed a rela- 
tive condition of the diaphane and endosarc which was nersr 
subsequently lost (6g, 10), The endosarc reached to the edge 
of the Amosba in one part, and the diaphane kept to the 
opposite end, some slight film of it jnat encasing the whole, ex- 
cept now and then. Although the granules and other very 
visible matters usually kept away from the bulk of the diaphnne. 
every now and then a rush would take place amongst them, and 
then the diaphaiie being made ragged by some projections of it, 
some granules would stream along towards and sometimes 
close to the diaphanous edge (fig. 4). The motion of lie 
whole Amffiba was in one general direction, the endosarc 
being, as it were, dragged after the other. But the internal 
motion amongst the granules &c. immediately preceded the 
slow projection of a part of the diaphane ; and as this was i«- 
tmcteri, or as the whole body progressed beyond it, there was 
return of the endosarc to its place of concentration. Very slow 
was this Amoeba ; and indeed, further esperience, after the es- 
amination of many of them, proved that this dignified pace 
more or less invariable. It never projected long processn, 
rarely took in food, and often rolled over most tempting tbingSr 
things with which other Amcebse are often crowded, but they Hi 
not sink into the mass and become dissolved. Its endosarc end, 
however, now and then adhered to minute broken-down organic 
matter and small diatoms, and they were dragged ulonji; with 
the whole. Now and then small portions were drawn in by tha 
endosarc at one point where the diaphane was thinnest, bi^ tht 
proceeding was very tedious, bo that the watching was loitgasd 
tiresome before the green or red food was seen in and amon^ 
the streaming and moving endosarc. 

It appeared as if great care was required to take in lite 
minute grain of food so as not accidentally to let out a quantity 
of the endosarc during its constant motion and streaming. Tbe 
same slow process accompanied the getting rid of dig«st«d 
food and some minute spheres which were eventually la beooiW 
Amoebje. Then the endosarc projected so as to 1« ooreni 
with a very thin film of diaphnne, and one of two thi]j|Fa hap- 
pened. Either some granules came close to the edge of (ba 
diaphane, and this was penetrated by a numljer of them (fifi" 
14- ISX or a very fine thread of granules pushed out a cuvinaf 
ine far beyond the edge, and then the contents nWl 
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pushed tlirough and the projection retracted. All this appeared 
to go on at one place, however, and that was the end remote 
tirom the onward moving diaphane. On a subsequent occasion, 
■when examiniiig thia Amceba in a live hox with a quarter-inch 
object-glass, a companion came creeping along, and as they were 
bound to come into collision I watched them with some interest. 
Thej touched at their diaphane ends, and it was evident that this 
protoplasna was not viscid, nor was it like thick gum or mucus. 
There was no external film or wall, hut the diaphane of both 
creatures gave way alittie, and no contractionor irritabihty was 
noticed. After a while the Amcebte got clear of each other, and 
iigadn came in contact in moving obliquely over the glass, Thia 
time the endosarcendaofboth touched and expanded, and to my 
surprise the endosarc of one Amteba merged into that of the 
other, and the diaphane also. Was it caimibalism, or was it the 
very acme of love ? The happy united, we can hardly Bay "pair," 
moved out of view gradually, and hid up amongst some shady 
confervae (fig. 19). Towards the middle of August this kind of 
Amoeba became very common, and careful watching showed that 
it was able to assume two phases, so to speak, of existence, one 
of which, as will be shown further on, referred to what the 
creature bad been, and the other to what it would inevitably 
come to. With regard to the first phase, it was noticed that a 
small specimen, with the endosarc crowded with dark granules 
and minute spheres, and ha\'ing a contractile vesicle, evidently 
had taken iu minute diatoms, and had received, therefore, some 
pabulum, which it might expend in some physiological energy 
or other. The enlargement of the whole became evident, and 
the narrowing of the endosarc end also ; but changes also oc- 
curred which were very interesting (figs. 21-25). A clear spacA 
l>ecame visible in the midst of the dark mass of granules, and 
it did not disappear, so it was not a contractile vesicle, but what 
is termed a vacuole, or water space. Then the movement of 
the Amoeba became more active, and two blunt prolongations 
of the diaphane were projected, as if this clearish substance had 
suddenly poured out and consolidated. There were two pseudo- 
podia, and their production was synchronous with a movement in 
the endosarc granules, as if these were going to flow out in the 
fUrection of the pseudopodia. The Amwba tJien drew in one 
pseudopodium, and another long one came forth on one side of it ; 
then others followed from the same end of the creature, which 
began to progress vivaciously, and, in fact, to begin to lead the 
life of the active in-taking individuals, iibundance of which 
existed in the aquarium. 

About tile same time that this change was noticed the dark 
endosarcoftheAmcclia began to be more diffused, so that the dia- 
phane was constantly encroached upon by it ; and the opaque masa 
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of granules became transparent here and there, so that the con- 
tractile vesicle, the vacuole, and a body hitherto unnoticed iu this 
description, could be easily seen. This body was a globe sur- 
rounded by a dark line, in tlie midst of an almost complete circM 
of light. On one side the little globular mass adhered to the Bur- 
rouuding endosarc ; and elsewhere a clear Suid surrounded it and 
separated it from the granular mass. This is called the nud«us. 
Earlier in the season a number of Amoebffi(see series figs. 2U-2S 
and fig. 13) had been examined which greatly resembled those of 
the active phase of the comparatively quiet form ; and I have 
no doubt, after a study of sketches which were taken of them 
day by day, that they eventually turned into this quiet form. 
The end of the quiet form, which we may consider a phase in 
the life cycle of a tiling very diSerent-looking in iu youth, 
iippeare to be two-fold, namely, a bursting or an eut^tin^. 
Very considerable changes go on in the endoi-arc. such as the 
formation of large vacuoles and the development of more than 
one contractile vesicle, and the endosarc granules become diffused 
in the diaphane, to its edge. Then the whole assumes a globu- 
lar form, and a sudden burst gives vent to the contents (fig. 
26). Or the globular form may become perfectly motionless, 
or rather only the faintest wavy motion may be perceptible at 
the edge (figs, 29, 27), and induration of the thin film of 
diaphane occurs, and a kind of thin shell is formed to the whole 
mass. This encysted stage lasts for a few days in the glass cell, 
but it endures for a long time in the aquarium, and probably 
throughout the winter in many instances. 

Keeping these changes of general shape in mind, let us con- 
sider the first active Amo3ba which was seen. This was a most 
exciting Amceba, and I confess to my astonishment at the pace 
the protoplasmic granular mass poured, I do not know a mor« 
significant phrase, along. It was, when first seen, iu the shape 
of a longish cylinder, flattened at the end which moved in ad- 
vance, and nither pointed at the opposite extremity, which was, 
as it were, dragged along (figs. 2, 7). There was no distinction 
between diaphane and endosarc, for the spherical granules, whidi 
were large and not abimdant, were like currants in a dumpling. 
The diaphane was in excess, and was as usual nearly as traiu^ 
parent as water, tinted most faintly with neutral tint and very 
minutely granular. One nf these transparent Amoelja; was ou^ 
fiftieth of an inch in length, and the streaming and rushing t)f 
the internal granules, and (he coincident flowing out of rounded 
masses of diaphane (lobular pseudopodia), was constant and ia 
every direction away from the small end. The grand current 
was central, and in the axis of the Amceba, and then vibtm 
the granules came with a rush close to the very edge of Um 
diaphane they turned outwards and then backwards, and on all 
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ides around the current, and bo as to remount tbe outer part of 
ttie cylinder, again to be drawn into the central stream. This 
circulation waa accompanied by liberal outflows of wonderfully 
transparent diaphaoe with rushes of granules and regressions, but 
tbe motion in the end was strongly in the one direction, namely, 
remote from the small end. The Amoeba would expand and 
dilate, contract, and become sausage-shaped ; and it would turn, 
but always with the one end first, and never with the small end 
in advance. So lai^e and so active a creature resembled greatly 
an amoeboid animalcule which has been called Pelomyxa, but it 
differs in many essential respects. It w^ a very wanderer — did 
not seem to settle down to take in food when surrounded wit h all 
fiorts of things nice to others of its genus — anil the sameness of 
the globular highly refractive bodies inside it was most remark- 
able. Evidently the constancy and the briskness of the move- 
ments, although no long processes or pseudopodia were ever 
projected, required a corresponding amount of sustentation. 
Perhaps this active Amoaba was in a non-devouring phase of a 
complex life cycle. This last idea appears to be consistent with 
observation, for I traced one, through its * fitful fever,' until it 
became quieter, more rotund : then at last, and to my surprise, 
the granular spheres collected more definitely together to form 
au endosarc which soon became central. Here, then, the active 
Amteba assumed tbe shape of that {(iiiet form already described, 
but there was this internal diifereuce — that tbe endosarc con- 
sisted of very refractive granules, globules, or spheres. 

The protoplasm of tbe diaphane of the Amoeba was im- 
doubtedly clear, but in tbe mass was not so transparent as the 
rounded projections which were formetl every now and then, 
but possibly this was caused by their tliinness, Under a high 
magnifying power {-^ immersion), a granular appearance was 
decidedly seen in it. A contractile vesicle was usually to be 
seen, and it was carried along in tbe moving inside. Now tliia 
shows that the comparatively clear protoplasm bad a part of it 
severed, as it were, from the rest, and in the midst there waa 
this curious power of opening out to form a spate, and closing 
in with sufficient force to drive water out of it into the sur- 
rounding part. So refractive were the granular spheres which 
were scattered over tbe Amtsba, within a thin film of diaphane, 
and so large was their central transparent part, that they re- 
sembled a host of small spaces or vacuoles, but their ultimate 
fate, which will be noticed fiirther on, disproves this notion. A 
nucleus so faint that it can be rarely seen exists in this Aroosba ; 
but when it becomes apparent it is seen to be very transparent, 
and to be environed by a clear peripheral line except at one 
spot. In the figure (fig, 6) it is in the midst of a mass of the 
refractive granules. 
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The question of course arose, What was the early §hape and 
what was the course ol" life of this very active Aiuaabit ? It 
coiild not be answered from tlie results of la§t year's work, hut 
during the months of April and May of the present year the 
same stream-bottom yielded the required evidence. The smaller 
of these AmtBbse (fig. 28) seen moving about the confervie and 
on the glass of a sliallow live-cell box had all the characteriatic 
movements of the form just described ; hut the minute creature 
had a very small end which never dilated or expanded like the 
opposite termination of the body, and an extjemely actively 
TOoviug pale endoaarc. The movement was always with the 
broad end forwards. The bulk of the Amceba moved over 
things which made no impression on it, but the small end was 
sticky and often adhered to diatoms, and there was often a 
struggle between them, the affair ending in a sudden separation 
with a jerk. As these young iorms were watched, it became 
evident that occasionally a minute spore or small na\~icula-Ukfl 
diatom coming in contjict with the spot where the sticky end 
joined the non-adhering protoplasm of the diaphane, sank into 
the body, and was soon seen streaming along inside, environed 
by other prey, and a multitude of granules, granulur spheres, 
and masses of protoplasm. These Amicbie grew rapidly, iiad 
had an extraordinary power of finding food. They clung to the 
edges of tlie mud or confcn'oid mass in the cell, and if they 
accidentaUy roamed away, they began to move the front end 
first to the right and then to the led, stuck their small end 
downwards, and elevated the rest of the body and searched in all 
directions for something solid to touch. Every now and then 
a rush or Sow of transparent diaphane would come out of the 
sides or large end, but never from the other ; and pait of the 
endosarc would often follow. But long sharp pseudopodia, or 
even long btunt ones, were never projected. As growth pro- 
ceeded, several contractile vesicles appeared ; and finally the fona 
already described was assumed. Moreover, the final fate of thia 
remarkable kind appeared to be that the qidet stage ended in 
one of encystment ; that is to say, the outer part of the thiD 
diaphane became more solid, the whole assuming the permanently 
globular form without movements. Then rupture of the sid« 
occurred after some days, and myriads of minute? round massee 
with a spot in tht-ir midift escaped, each to develop into a tiny 
mobile Ainteba. 

It would appear that these two Amoebre have the same kind 
of life cycle. First a minute globe of protoplasm with a trans- 
lucent spot in the midst enlarges in diameter, and at<8umvs an 
elongate form ; then as growth proceeds, it becomes uetivcy 
takes food at one spot, and moves in one direction. An cttdtK 
[! with vacuoles and contractile vesicles becomes more Slid 



ST0OIKS AUOKOSr AMOCBX. 



22SM 



more apparent, but still only arbitrarily divisible from the ' 
diapbane ; and a. Ducleiis is ahvaye present, although ot't«n seen 
with difficulty. As growth proceeds, one kind projects blunt 
pseudopodia very readily, and changes ita shape constantly ; and 
the other puta forth rounded flowings, but maintaina its general 
outline. The hrst kind becomes quiescent, evacuates much, i 
and even gets rid of granules, which are minute Amffibae, and | 
at last either bursts or encysts and bursts. The other kind has | 
a roaming stage prior to its quiescent condition, wliich ter- | 
minates in encysting, and subsequently in what may be called J 
Kwarming of its included parts, 

The commonest Amceba differs from the very lively form, and 
is so transparent and so alow in its ever-progressing change of 
shape that it may be readily past>ed over unnoticed when young. | 
It occurs everywhere on the mud, vegetation, and on the glass, 
as well as occasionally in mid-water, where it has been wafted 
by the currents of some Vorticeliie or other whirling animalcula. 
Visible as a minute glairy spot when in its early stage, it may 
grow to ^ inch in lenglh, and then, when crammed with food, 
is a very fine object. Taking a large one as an example, 
it will be found that when on the glass (fig. 1) it looks very I 
flat and very transparent, the endosarc hardly differing from I 
the diaphane in its light-transmitting powers. Numerous pro- j 
Jections of the diaphane (pseudopodia) are seen idl around; I 
some are blunt, and others are sharp, and several circular spaces | 
readily transmitting light are to be noticed in the midst of I 
it. After a while a languid movement occurs; a process < 
is enlarged, another may move its free end, a new one is slowly I 
protruded, and one of the clear spaces shuts up with s, qiiick 
motion. Ey-and-by the creature begins to change its position, 
and then the invariable hand-shaped Amceban outline is assumed, 
that is to say, one end becomes smaller and the opposite larger j 
the largest pseudopodia and rounded occasional swellings are 
at the large end, which invariably moves firet and iu advance. 
Should any obstacle come iu the way, the body flows on either 
Bide, and may spread out in a wonderful manner ; but the small 
end has a greater density than the other, and does not give way, I 
BQ that the movement takes place in a sliding manner round the 
abject, and sooner or later the old and normal outline is seen, j 
Many of the clear spaces in the endosarc are evidently not j 
capable of contracting, but they are of all sizes, and sometimes I 
a very large one may exist. 1 

These vacuoles (fig. In) arise spontaneously or else are formed 1 
uound some minute object which has got into the Amoeba. 
They are digesting spaces. Amongst them may be seen a semi- i 
lonsr space (6), through which light passes readily, and it bounds ' 
a dark body which, although usually near tlie small end of the 
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Amoeba, often travels about the endosarc. Thie is the nudeiw, 
and it ia made up of a leas wateiy protoplasm than the rest of 
the Amteba, aud has a BtruoLureless membranous coat surround- 
ing it. Very often a clear space seems to appear and to move, 
but not in a manner resembling a contractile vesicle ; and if 
the focus of the object-glass be altered and taken a little from 
off the ordinary level, a pseudopodium will be fouod sticking 
up from the Amoeba and waving slowly in the water. It is tbe 
base of this fine projection which gives the appearance jiist 
noticed. As this Amoeba moves slowly along it catchea and 
sticks by its small end to the minute things which come in tbo 
way. The large end ever in advance moves over every obstacle 
around and under it, but the most tempting food never sinks in 
or ia caught by it. The pseudopodia become very active with 
growth and more and more disposed to be large and roonded 
(lobose), but neither they nor the sudden outrushes of diapbane 
catch or include anything. A little watching will show that 
the spot where things are taken in is close to the ^noall extre- 
mity, and that very often one or more pseudopodia are projected 
there, so as to encircle a diatom or a green animalcule or a piece 
of alga, which is slowly pressed by them against the Amceln 
and then sinks in. The prey becomes environed by a t»- 
cuole, or is tumbled about in the endosarc amidst the jumble «f 
things tliere. It would appear tliat the pseudopodia, besides 
their locomotive use, give warning of good things being about 
and if one of them should toucli one of the long straggling 
threads of a (J-romia, the whole Amoelia will otlen change its 
direction of movement, gradually slip under the house of it) 
prey, and the Gromia falls into tbe endosarc at the usual spot 
for the inception of prey. Evexy now and then, as this Amsia 
grows large, long lines appear to form on its surface (fig. 321 
ridges of diapbane, which radiate more or less from the stnaJ 
to the large end ; and, moreover, occadonal collections of en 
dosarc and food crowd the small end, and some granules Mid blti 
of digested food escape. Should one of these Amc^bas, with H« 
pseudopodia well put forth, come within the range of the cumnt 
of a Voiticella, it is whisked off the glass and whirled here att' 
there until it comes with a boimce against the disturber (fig. 30- 
Now, it is a very important fact, and one which lets a great da 
of light into the nature of the Amceban protoplasm, that n 
active or passive contraction should occiu' in tt notwilhstandfaijt 
all this ill treatment. Just as when an animalcule with lamg 
cilia comes rushing against an Amsba, so, in the instance i^ 
the contact with the Vorticelln, no evidence of contraotlli^ 
^rritability of the protoplasm is seen. 

(Owing day by day, especially if there is abundance of i 
algaceous food, tfais fine Amneha finally bu its 



(li>j&rc encroaching evoywhere on the diaphane, so that a 
granular globnlar form surrounded by a thin tilm of diikphanc is 
prodoced. Now this diaphane Elm plays all sorts of auticit before 
settliog down into a dense film of investment ; it even pokes 
out long rays (figs. 34, 37), and tries to simulate the Sun Ani- 
malcule. But at last the delicate film becomes motionless and 
acts as a membrane around the globular mufs, in nhieh some 
movement may still be seen, and in which the nucleus is occa- 
sionally visible. The duration of this stage evidently depends , 
on season, warmth, and the presence of much or little water ;i 
and it would appear that its commencement has a great relutioa J 
to the prospective scarcity of food and water. As ponds com" J 
mence drj'ing up and algje finish their spore-making, Amcebal 
begins to think about the future, and soon encysts itself. I'hisJ 
may be artificially brought about in May, June,and July in a little ' 
aquarium ; and if the water is allowed to get low no active 
AmtEbst will be found, but lots of globes (fig. 27). 

Although I had watched Amtebie for a. consideniblc time at 
intervals, and had had the same individuals li\ing in a cell for . 
days, a long time elapsed before I saw one cast otf a pscudo- J 
podium which assumed an independent existence. It was onaJ 
of the kind just noticed, and all the food that was within th« [ 
endosarc was a great Pinnularia semi-digested. The Amu'ba 
waa large, jigth inch, and had evidently reached a critical point 
in ita existence, for it was crowded with small granule-glo bides, 
and the only diaphane which was at all persistent waa at tha 
large end. Elsewhere the very fluiil-looking eudosarc appeared 
to Lave merged into diaphane. The Amceba rounded otT its 
smaller end and then began to move as usual, broad end first, 
protruding diaphane first on one side and then on the other in 
lobose swellings. Suddenly it protruded, from the junction of 
the smaller end with the rest, a blunt pseudopodiimi which in- 
creased in size until it was two-thirds of the length of the whole, 
and then endosarc streamed into it (fig. 31). My attention 
was drawn to this rather unusual occurrence, and especially 
as a distinct round body got in as well. This was a nucleus ; , 
but whether the only one, or whether the original remainedJ 
behind in the larger body hidden, could not be determined.^ 
All of a sudden the pseudopodium separated close to the bodyn 
(fig. 35), which then altered its shape generally, and moved off. 
There was an escape of one granule-sphere only, and motion 
ceased in the cast-off member, which looked dead and flat. 
Preflently the original free end of the piece began to movo and 
project diaphane on either side, and a slight streaming of tha 1 
granules and nucleus occurred in that direction. Then the rupj 
tiued end contracted, and two processes started from it, resolviitf"^ 
■'i-mselves in a few seconds into a rounded small end (figa. S 



33»), Here waa a new Amoeba, but as yet there was neither 
contractile vesicle nor vacuoles. It began to move actively, and 
got amon^t some alga?, and was lost to view. It was a most 
Btartling proceeding, and v^ould appear to be of rare occurrence. 
Absolute splitting in half, or wbat may be piopciiy called fisai- 
parity, I have not seen in Amicbae. 

As some of these Amcebai frnidually became quiescent it was 
pOBBible to esamino tLe nucleus, and by transferring them to a 
glass slide and employing a -j^gth immersion object-glass, the 
structure of tliis remarkable piece of differentiated protoplasm 
could be pretty well made out. The nucleus (tigs. 16, 6, 36, 
44) is usually darkish, not very transparent, and ita invest- 
ing structiu-eless dense film is partly sujTOunded by a ciear 
space ; but, a^ age cornea on, this space is often lost, and the 
little body is enclosed in a mass of granular protoplasm be- 
longing to the endosarc. Then a small globulii or nucleolus 
becomes readily viable within the nucleus (fig. 39). But it 
nevertheless sometimes happens that the clear space increases 
size and completely surrounds the nucleus. In both instances it 
may be observed that the nucleus subdirides within its in\ esU 
ing film, BO that it appears to lie a mass of closely-packed nuclei 
or small globes. Now these tiny globes greatly resemble some 
of the granule spheres of the endosarc, and as these are the ruiii- 
ment« of young AmcBb® it is quite possible that those of the nu- 
cleus will tiU'n to independent individuals when the whole bursti. 

It is incredible what a number of these tiny dots of granules 
escape from a good-sized Amosba when it bursts ; hundreds of 
thousands move off from the mass and indulge in the fidgets ni 
the Browuian movement until they increase in size and thrtiw 
out a process and Ijecome mastOTS of their movements to a 
tain extent (fig. 13), 

One more Amo?ba must be noticed (figs. 38, 40) ; it is common 
up to a certain time of the year, becoming encyoted before tb« 
hot weather set* in ; or else it hides up amongst the mass tJ 
mud and tangled confervie on the floor of the pond. It is only 
to be found in the waters which are tinted more or less with ail 
iron rust colour ; and as a ride it is so greedy and so consUnUy 
devouring its minute prey that it does not i-eadily come ont int* 
the clear water of the cell. This Amceba may, therefore, reaiSij 
escape notice. The first seen by me was half hidden imder graiot 
of dirt and a jumble of Desmidia and Pinniilari», and as ibt 
part vii^ible resembled the ordinary Amceba just di-sorili«d, no 
attention was paid to it. But after a while a great flow of clior 
(liaphane occurred from the mass, which was fullowi-d by anidi 
of granules into the rounded projection, the wlioie lieing in * 
very tumultuous state. Then a great cylindrical Amoi^lMi stieanU^ 
forth, one end first as usual, and at the opiwsite end of tbelwlj 



there was a narrowing, then a little npck and a round globiilar 
head covered with very minute, short, hair-lilte processes. This 
was something quite new, and it was very exciting to olserve 
the curious movement of the body and the comparative steadi- 
nesa of the curious neck and head. The diapbane was scanty 
near the head, but abundant at the opposite or forward-mov- 
ing ea<i ; and the endosarc, dense, granular, and nearly opaque 
at the bead and ueck, became more diffluent elsewhere. 
The endosarc was in wonderfully active movement, pouring 
down the asis of the sauFage-shaped thing, streaming out into 
the diapbane as it altered its shape, and approaching the very 
edge with active motion ; then it turned backwards on all sides, 
so that a counter current occurred near the whole surface, the 
granules moving then towards the head. Tlien they entered 
the axis again, and coidd be followed about bere and there until 
they got into the stream and rejected their former path. 

No pseudnpodia of any size came forth; but there was a lobular 
projection, first on one side of the forward- moving end and then 
on the other (fig. 38), the one being overwhelmed by the other 
as general movement progressed. Two or three small angular 
pseudopodia came out, and remained not far from the neck. 
Under a one-eighth inch object-glass the motion of the contents 
of the endosarc was very curious, and a good deal of it wa» 
independent of the contraction and dilatation of the diapbane 
and endosarcal protoplasm. The movements of the proto- 
plasm produced great currents, but there ^vas something going 
on like that movement which can be usually seen in the ends of 
the crescent- shaped green Closterium. As the Amceba moved 
along nothing got into it ; and an animalcule came at full 
speed against its sides, but made no impression. Aft^r a while a 
change of shape occiured, the cylindrical form gradually merged 
into the hand-shaped (fig. 40), the bead and neck still retaining 
their size and position at the end remote from forward move-J 
ment. As the body flattened out, the nucleus became ^'isible, 
and tbe contractile vesicle more distinct close to the junc^ 
tion of the head and neck. The minute long pimples, like 
stumpy hairs on the globular bead, move, but do not increase 
in size eicept in length, I did not see any food taken in, and 
indeed the creature was pretty full : but after it had been in 
open water for an hour or so, it began to be uneasy and to move, 
wide end in advance, first on one side and then on the other, as 
if seeking for something to eat or move amongst, and finally it 
disappeared under some conferva. J 

Tlie next of this kind I saw feeding. The creature came ontM 
of a mass of vegetation with a bundle of minute things stickinpl 
r -. ita head, and it dragged its load about until finally something a 
: pped the way and the head made its appearance. There v 
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then a movementofpulliDg before the evitlcDtlyvery sticky lihort 
hair-like processes woxild condescend to gi\eway (fig. 40). Thoj 
did at last, having been more or less elongated, and there was a 
decided and active eipression of relief in the jerk-like onward 
movement of the Amceha. The creature had several of tie short, 
wedge-shaped pseudopodia close to the neck, and as it turned to 
reconsider its bundle in a very unautomatic manner, those of 
one side came in contact with some broken-down granules and 
conferva cells. The pseudopodia closed on the granular maai 
and brought it to the part where the neck of the head joined 
the main body, and the prey sank into the endosarc. I have 
repeatedly seen these Amcebfe take in food, and it has always 
been at this particular spot. 

Growing to a large size for Amcebte, these tufted ones are by 
far the most interesting to observe, and there is no doubt that 
they ha\'e the usual life-cycle of the group. The Inst I wat«bed 
disappointed me sadly. It had grown corpulent and sluggish, 
and I trusted that it was about to encyst, but suddenly it at- 
siuned the spherical shape, the head and neck were lost in the 
general rotundity of the surface, and then the mass burst at 
one spot, and endless granule-spheres came out. The young of 
this Amoeba have the head-tuft at a very early age, and, like the 
old, never move head Brat, Like the otlier AukbIkb they now 
and then play antics, change their shape, cling on by one long 
1^ and cast out others, then pull all in, and sail off in the shape 
of a sausage or a hand with the fingers extended- 

The parts of an Amoeba are its diaphane and endosarc ; the 
nucleus, the contractile vesicles and the vacuoles are invariable 
structures ; and the granide-spheros and some odd crystalline- 
looking grains are seen in varying quantities. It is evideM 
that there is no positive distinction to be made between the 
diaphane and the endosarc, and one can become the other ; but 
the nucleus is a special structure, and has its investing film and 
a nucleolus. 

When the smallest Amceha visible with the highest powen 
of the microst'ope is watched for a minute or two, a tiny spot, 
usually not far from its centre, will be seen to enlarge, remain, 
and then suddenly disappear. If the object be still observed, 
the spot will be found to re-appear as a point and then t« en- 
large and pursue the same course. Larger AmcBba- aud the very 
largest also present one or more of these dilating and shutting 
up spots in their midst ; and certainly the more they are watched, 
the more does their extraordinary character impress itself upon 
the ob8er\'er (fig. ] c). The spot is in the denser substance of tltt 
Amteba, but one may often be seen so close to the eidge (fi^ 
16) that it must be in the diaphane. It is spherical in ah^i^ 
and therefore circular in outline, but the pressure of the movisf' 



ranulea in their rushes and strpamingH may alter the shape 
R)r a while ; there is no limiting or enctosiog memlirane, but in 
large AmcfibsG, where this contracting hladder or vesicle is very 
visible indeed, something like a roug;li edge apptears within. Evi- 
dently the light traverses the spot more readily than it dora the 
siUTOunding protopliism, and this is due to its being filled with 
a more highly refracting medium — water. The water coming 
from somewhere collects as the protoplasm expands actively 
from a point-like space ; and then when it contracts more actively 
in a more or less obsen-able rhythm, the water is expelled 
and goes somewhere. This pulsation, or what the doctors wotdd 
call systole and diastole, occurring in a structureless material, 
is as incomprehensible as the outside change of shape, and the 
protrusion and retraction of the pseudopodia. The active ex- 
pansion would suck in water from the surrounding mass, and it 
appears to do so generally, and not through any canals or con- 
duits; and the sudden and very vivacious contraction must, 
one would think, rupture the surrounding soft material unless 
there were permanent minute porous tubes in it. On watching 
with the highest powers no displacement of the surrounding 
granules can be noticed after one of these active closings of the 
contractile vesicle ; but they sometimes precede a new move- 
ment in the general mass, such as the commencement of a 
streaming in a new direction, or the emission of a trans- 
parent lobose or sharp pseudopodium. In some instances the 
vesicle is moved along with the rest of the endosarc, and con- 
tracts and dilates in the midst, so that it is impossible that 
there can be any permanent outlet between it and the sur- 
rounding water. But when the vesicle is in its very common 
place, close to the food-entering end, there is sometimes an 
appearance as if there was a direct discharge through the dia- 
phane into the surrounding water. But I must confess that no 
motion occiu-s amongst the minutest particles which may sur- 
round the end of the Amoeba synchronously with the active eon- 
traction of the vesicle. Corresponding vesicles occur in the Sun 
Animalcnle which abounds in the water containing the AmcEbte, 
and these occur on the very edge of the protoplasmic mass, 
bursting with such force as to shake the creature. The exit of 
their contents into the surrounding medium is visible enough, 
but this is not observed in Amcebie. 

Sometimes, when there are two contractile vesicles, they 
unite, and one large spot is produced which either assumes the 
spherical shape or remains irregular in outline until it contracts 
■ ind disappears. Under all conditions, and whether the Amceba 
is flourishing or dying from inanition and pressure, the con- 
tractile vesicle enlarges to its full size slowly in comparii 
with the sudden contraction, but the frequency of the pulsatii 
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if it may be so called, appears to relate to the health of tb: 
creature. The vesicle may be seen stationary for a long tim 
when the empty endosarc, with hardly a trace of food in it, i 
pale, and not very distlDguishahle from the diaphane, but wbi^ 
the whole is well nourished the vesicle appears and dieapjK; 
with remarkable regularity. 

The function of this extraordinary arrangement is p; 
bahly in relation to respiration and circtilation. Either thi 
contents wliich are drained or sucked out of the surroimding 
endosarc are water, or water and very liquid stuff wliicii will 
eventually become endosarc or diaphane; the contraction re^ 
distrihutea the water, and pumps the resulta of the itji 
digestion, diffused, as it has been before, again info the E 
But it has been observed a few lines back that some change in 
the direction of the streaming of the endosarc, or the protnisi<Hi 
of a pseudopodium, frequently occurs immediately after the 
contraction of a vesicle, so that it is quite po§«ible that its 
function refers to the diffusion of a nutritive liquid a» well aa 
of simple water. All animalcules, and a great many einall 
moving things which are classified as water plants, have these 
vesicles, and whilst in some they burst through a tube or 
directly into the surrounding water, those of others, in Bome 
rare instances, force their contents through radiating canaLi into 
the body of the creature. It would appear that a definite mas 
of endosarc always maintains itself aroimd the vesicle i and 
therefore it follows that one particular mass of the pi-otoplaam 
of the creature is endowed with a permanent function, and s 
power of dilating and contracting with rhythm. 

On the other hand, vesicles appear where formerly they wen 
not, so that it must be admitted that this interesting power of 
radial espnnaion and concentric contraction is common to the 
tissue of the Amajba generally, and that it ia a specialized jfift 
analogous to the ordinary protrusion of the diaphane, and it* 
retraction and curving pointin onedirection and then in anolber. 

A large Amffila with a very delicate endosarc bad been 
feeding on broken-down conferva, spores, and gieen celb, i 
a tolerably large diatom (fig. 17), a Pinnularia, came in contact 
with its small end. The scanty diaphane then immediate!; 
inci-eased in quantity and flowed over the intruder, which sank, 
as it were, gradually into the endosarc, and remained in one part 
of it. After a few minutes had elapsed, a clear space fonoed 
in the Amtsba around the prey, which immediately bt^ran w 
move in it forwards and lackwards after its usual fashion. IV 
space was evidently filled with water, and therein moved thf 
captured diatom, apparently in no great discomfort. Aft« 
long watching it became apparent that the size of (he spacK,* 
vacuole, ^s it is termed, increased, and that the diatom lut-atne 
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stationary and ragged-looking, and in the course of more than 
a day it spiit and separated into two halves After this the 
vacuole disappeared, and the relics of the meal were jumbled up 
in the group of granules and other digested bitswhieh streamed 
about in the endosarc. 

Anyone can see what has been juat described, and the whole 
life-history of Ama?ba can !« followed with ease with ordinary 
appliances. If a yuung microscopist has satisfied himself that 
:ill that has been stated is true, he will stand in the same position 
»itb regard to myself that I do to a great many English and 
lureign observers'. All that has been noticed in these studies 
will be found somewhere or other, and I found it most interesting 
and instructive to study the work of Dr. Wallich, in the "Annals 
and Magazine of Natural History," for 1863. There the hairy 
Atuceba is admirably described, and christened Anueba viUoea, 
and all its oddities are explained ; there the reciprocal nature 
of the endo^arc and diaphane, the nature of the nucleus and the 
method of its snVdi vision, and indeed the exact morphology 
of the Amoebpe is given to perfection. Carter. Carpenter, and 
Williamson have discovered and described much, and many 
species bave been made and described by them and by learned 
Germans. One thing has struck me, and that is that there 
are two species of Amceba only, and not a score. There is 
ATncebavillosa, which isreally a " crowned bead " (figs. 38, 40), 
l*hen there is the other, which according to locality, time, 
M;ason, food, and the eyes of the observer, changes its general 
-hape and receives many names, but it is the common form 
it Kampstead, and is called Amceba priywepa. It ought to be 
Aiaixba communis, as it is plebeian to the regal Villosa (figs. 
1, 2, 3, 7, 9, 10, 13, 21, 22, 30, 31, 40, 41). 



DESCRIPTIOX OF PLATES V. .\ND VI. 

The snoWB point in tbe direction of mnTement during regular progra! 

Fie. 1. A InrgeAmitlia with contractile TCflicle, nucleus and much ft 
Fios. 'J and 7. A large and Tery active Amosbu (n peculiai stage). 
Fib. 3. Amtebn, comfortnble, nnd full of food and large ' 
„ 4. An Anio^bn with endosiirc reitching eigei of diaphai 
„ 5. The anme, with general shape changed, Nucleua shown. 
„ fi. Nu(?leus, nucleolus, and grnnule-p|>heres. 
„ 8. Commencing quiesceoce before encyslment Sarcoblaata I 

Wallich. 
„ 0. Amceba with ccdosarc in the midflt (a peculiar stage), 
10. The same, afsuniing the noniial shape. 
8EBIES, VOL. I. — SO. 111. R 
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Fio. 11. The edge magnified (oiie-«ixteeiith immernon), showing ng] 
diaphane, and sarooblaats, or granule spheree. 

„ 12. Amaba imitating Aednophiys before encystment. 

„ 13. Development of Amoeba from a granale-aphere. 
Figs. 14, 18, and 41. Digested food and granule-spheres eso^ing. 
Fio. 16. Endoaaic and food dose to the margin. 

,, 16. Contractile vesicle expanded and dose to the edge. 

,, 17. Vacuole containing a moving Pinnularia. 

„ 10. Contact previous to union of two Amoebee. 

„ 20. Amoeba with large contractile vesicle, small nucleus, and seve 
peeudopodia. 
Figs. 21, 22, 23, 24, and 25. AmoebiB under difierent circumstances. 
Fig. 26. Amoeba bursting and giving forth sarcoblasts or granule-spher 
Figs. 27 and 29. Encysted AmoelMB. 
Fig. 28. A small active Amoeba, formerly inactive. 

,, 30. Amoeba floating free. 

„ 31. Amoeba with a nucleus in a peeudopodium. 

„ 32. A large Amoeba with radiating ridges of diaphane. 
Figs. 33 and 33a. The growth of the head end of the new Amoeba. 
Figs. 34 and 37. Imitating Actinophrys before encystment. 
Fig, 35. Pseudopodium cast ofL 

„ 36. Nuclei. 

„ 38. Amoeba villosa, WalUck, 

„ 39. Nucleus. 

9, 40. Amoeba villota. 

„ 42. Margin of *' head," showing hairy projections after contact 

„ 43. Amoeba (the common one) uncomfortable. 

,. 44. A nucleus. 

^ 45. Moving off. 



MARS IN THE AUTUMN ( 
bt richaud a. proctor, 



s years 1867 and 1869 I discussed in these pages tl 
rt^latioQS presented by the planet Mars daring the opposi- 
tions of those years, wlien tlie planet was traversing the aphelion 
portion of hia orbit. Since that time several observations of 
interest have been made upon Mars. Moreover, Dr, Terby of 
Louvain haa brought together many observations, made since 
the year 1630, but which had before been scattered in the Pro- 
ceedings of learned Societies, in the private notes of observers, 
and elsewhere in such sort as not. to be directly available to 
science. I may remark, indeed, in passing, that we find ilJua- 
trated in this case what I cannot but regard as a serious dis- 
advantage of the action of learned Sooietiea. Enabling observers, 
as these Societies do, to publish the results of observation, the 
Societies do good work ; for many observers could not otherwise 
perhaps afford the expense of making their work known as it 
proceeds. But in several cases it has happened that this piece- 
meal issue of important labours has prevented the publication 
of the entire series, revised and corrected by the observer him- 
self. For example, we no doubt owe a debt of gratitude to the 
Royal Society for publishing the successive papers on the stars 
drawn up by Sir W. Herschel ; yet no one can doubt that if it 
had so happened that Sir W. Herschel had been compelled to 
wait until his labours were concluded, or at least until each 
successive stage of his progress had been completeil, aud had 
then presented his work to the world, its value would have been 
enhanced tenfold, though probably he would have been put 
trt no small expense, which the Royal Society saved him. In 
the case of observations made on Mari^, we have not the results 
of any single observer's work presented in detail even in the 
Procceflings of Scientific Societies, only a fi-w selections here and 
there, such as the observer thought most likely to be publish) 
for him ; or, in some cases, a ft^w only from among theje. Tl 
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we have not any complete account nt the observations maile by 
Schrbter, W. Herschel, De la Rue, Dawes, and a host of otLw 
observt-rs, but only a few fragmenta here aod there. I venture 
to Bay that the work done by Dawes alone upon MarSj if it hsj 
been brought together by himself and published as a book, 
would have done more to throw light on the planet's condition 
than such scattered selections from the labours of a dozen of the 
best observers (including himself) as are alone a\'ailahle to us 
imder the present system. 

It will be well, before proceeding to consider the features 
to which teleacopists should direct their attention during Ihe 
approaching opposition of Mars, to note the order in wliich 
iiivourable and unfavourable oppositions of Mars succeed each 
other. The coming oppositioo, as most of my readers doubtle«« 
know, is one of tbe most favourable of the present centurj-. 
The planet will not be quite so near to perihelion, at. opposition, 
as he was in 1845 (when, by the way, many observations of 
interest were made); hut he will be more fiivourably Ritiiated 
for observation in oui' northern hemisphere, because of his le« 
southerly declination. In 1830 he was more favourably placed 
in this respect (being nearly on the equator at opposition), bu! 
further from perihelion. In 1892 he will be at once further 
from perihelion and less favourably placed. These opposition* 
(1830, 1845, 1877, and 1892) arc the nearest to perihelion 
during the present century ; after them come, in order of dis- 
tance, 1862, 1860, 1847, 1879, 1875, 1864, 1890, and 1881. 

It is easy to ascertain the circumstances which del«rmiiw 
tbe recurrence of oppositions in favourable and unfavoarabl^ 
positions. 

The sidereal period of the earth being 365-2524 days anJ 
tliat of Mars 686*9797 days, in order to determine tJie varyiaff 
position of oppositions we must in the first place consider tbc 
improper fraction |^|^, and, presenting it as a continued frac- 
tion, obtain from it a series of fractions appronching it mon' 
and more nearly in value. (The remainders obtained in thi* 
process all represent tbe number of days by which various lanl- 
tiples of the sidereal year and the sidvrenl period of Mar» diffifr 
from each other.) We obtain : 



1 1 1 1 I 1 1 ! 1 



(I commend the prevalence of I'a, S'b, 7*8, and 2'b id thi» 
^remilt, and the absence of 4. 8, and 9, to the epedal att«ntJi<ii 
f all who find strarge significance in Iho excess of 3"a and itic 
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paucity of 7's in the number reprt-si-nting the ratio of a circle's 

fUQ^erence to it^ diameter.) The coTrespODding bactioOis 
JL, s, 'jj is, A.!.^ ii>, iAi^ j!i4^ «.n^ «hb: ^ *^^i Jcc.; and 
correEpondiog relations, which chiefly concern us, are theae: 



1 nd. per. of Man — 1 eid. rear 

'2 md. yeara — I aid. per. r>f Man 

8 ad. per. of M&rs — 1'? aid. Tenre 

■t:J (dd. Tenia — 17 ^d. per. of Mats 

25 dd. p«t. of Mure — 47 rid. veitre 

79 sid. ;e«re — 42 nd. per. of M»rt 

l.'jl Hd. per. of Mmh - 284 sid. yenrs 

3U3 ad. ;«nra — lO^i ad. per. of Mars 

344 ud. per. of Mara — G47 rad. jeHrs 

rid. years — ^tiOl sid. per. of .Mttra 

2D4o sid. per. of Maw — 5530 rid. years 



;i2I-73»3 daTB 

43-5.^11 „ 

lfi-9018 „ 

it 5409 „ 

7-^417 „ 

20CIS3 ,. 

luri „ 

0-9911 „ 

01260 „ 

OlOftl „ 



So that, between the time of the opposition of Mars which 
occurred in the year 3662 b.c. until onr earth came to the same 
part of her orbit (not the same part of the year of seasons, but 
of the sidereal year) Mars will ha^e made 2945 sidereal circuits 
plus his motion in 0'0169 dayw, or in 24 min. 20*16 seconds. 
This is the nearest periodic approach (I referto the near equality 
of 2945 periods of Mars and 5539 years) during what is com- 
monly regarded as historical time ; since the next fraction after 
^«»S' derived from the continual fraction above given, has for 
its numerator 5539 x 6 + 4892 or 38,1 26, which is the number 
of sidereal years of the corresponding relation between the 
periods of the earth and Mars : 20,27 1 sidereal periods of Mars 
fall short of this long interval by -CX)?? days, or 1 1 min. 5'28 see. 
Beyond this we need not care to proceed. 

The use of the relations above tabulated will be very obvious. 
It shows first the number of years separating similar oppositione 
of Mars, the closeness of the similarity depending on the small- 
ness of the number of days representing the difference between 
M) many yeara and the corresponding number of periods of Maxs. 
Thus we see that in fifteen years from any given opposition, 
.Mars is removed seventeen days' journey from the prolongation 
■ *f the line extending from the sun to the earth. That line, or 
tiie earth's radiuti vector produced, has passed Mars recently 
tlierefore, and we have to carry it back at the earth's daily rate 
of angular motion round the sun, carrying Mars back by his 
less rate of motion, until the earth's radius vector passes through 
Mars, to get the place of opposition, which of necessity precedes 
thi'^ place of opposition fifteen years before. Since the earth's 
moan daily rate is 3548"-193, and Mars's 1886"-518, the dif- 
ference, 1661"'fi75, is the eartJi's daily gain ; and wc have only 
^■b find out how often this is contained in 17 (or more exactly 



16-9916) times the riaily motion of Mars, 1886"-518, to find by 
liow many days on the average the date of tho liit*^r opposition 
precedes the date of the earlier. We lind the average ditference 
nf date to be about 18^ days. But owing to the considenilJe 
eccentricity of the orbit of Mars and the consequent variation 
of his daily motion, the difference of date largely exceeds this 
\'alue for oppositions occurring near perihelion, and largely falls 
Ehort of it for oppositions occurring near aplielion. For instaiii.*e, 
the opposition of 1662 occurred on or about October 5, while 
that of the present year — fifteen years later — occurs on Sep- 
tember 5, thirty days earlier. On the other hand, the opposi- 
tion of 1869 took place on February 13, while that of 1884 will 
occur on or about January 31, about thirteen days earlier. 

In a similar way, the closer approach brought about in 
thirty-two years, and the etill closer approach lirought about in 
forty-seven years, can he dealt with. 

The approacj) brought about in seventy-nine sidereal years 
ia so much nearer that it merits closer attention, We have the 
general relation that seventy-nine sidereal years exceed fort»- 
two sidereal periods of Mars by 2*1082 days (or 2-1 day*, 
nearly enoiigh for our pm'pose). And we have for the avernse 
case, of course, the same daily motions as before; whence th« 
average number of days by which an oppoKition in any givfH 
year falls later than one occurring seventv-nine years before i* 
equal to lS86"-518x2*l divided by 1661-675 or about 2-4 
days. But when Mars is near perihelion his daily rate of motion 
is about 2286", while the earth in the corresponding part cf lit* 
orbit has a daily rate of about .3470" ; consequently, the dnily 
gain of the earth is about 1184" only, with which gain a diffid- 
ence of 2*1 timai 2286" has to be made up. Hence we have 
for the interval in days between two oppositions occurring near 
perihelion and separated by seventy-nine years 2'1 times 2286 
divided by 1184 or 4*14 days. On the other hand, when Mar* 
is near aphelion his daily rate of motion in about 1576", whiV 
the earth in the corresponding part of her orbit has a daily rate 
of about 3636", so that the earth's daily gain is 2060", with 
which gain a difference of 2'1 times 1576" has to Ije made up. 
Hence we have for the interval in days between two oppoaitiow 
occurring near aphelion and separated by seventy-uino years, 
2-1 times 1576 divided by 2060 or 1-66 days. (The date of 
the later upposition follows the date of the earlier. ) 

The apprcaching opposition is important in two chief respects. 
First, it affords a favourable opportunity for detennining tS« 
aim's distance : and secondly, it will be possible to study under 
very fevourable conditions the southern hemisphere of Mani. 

On the first point it is not necessary to say much hert. 1 
have already entered somewhat fidly into the merits of tliix jmr- 



ticutar method of detenniiiiiig the sun's dislancre in t'hapt«r I. 
of my tjeatise on the Sun. I believe it will be fouDd ti^t the 
obaervations to be made next September by this method will 
afford measiiri-a of the Hun's distance comparing favourably with 
those obtainable by any other methods, including the obsenation 
of Venus in transit. It is unfortunate that official atitronomer^ 
in this country have not endeavoured to obtain the sanction of 
Government for any oxpeditions by which advantan:e could t>e 
tiiken of the near approach of Mars. But it must be remem- 
bered that, being themselves in the receipt of money from 
Government, tliey naturally feel some delicacy in advocating 
the outlay of Government money on the observations of special 
phenomena outaide the routine of work in the public observ.i- 
toriea. It is understood, too, that apart from any question i>f 
delicacy. Government observers have lately had good reason fi)r 
avoiding any suggestions in favour of expenditure on scientitic 
expeditions, very plain hints liaving been given them that it does 
not full withiu the dutiee" of their office to make such suggestions. 
Be this as it may, it is certain that the only expedition for 
observing the approaching opposition of Mara is one undertaken 
by Mr. Gill, who managed very successfully the heliometrJc 
observations of the transit of Venus at the Mauritius (Loril 
Lindsay's transit expedition). For this expedition a sum of 500?. 
has been provided by the Ai^tronomical Society, and the fine 
heliometer used in 1874 has been lent by I^ord Lindsay. 

The observation of the features of the surface of Maxs, though 
not a task of equal difficulty, is one of nearly equal scientific 
importance. Whether the Sun is a few hundred million miles 
nearer to na or farther from us than had been before supposed, 
is in reality a matter of very little moment. The exact de- 
termination of the Sun's distance, if it ooidd he effected, woidd 
not have the least practical value, and in this aeuse would not 
be one whit better than the determination of the true shape and 
position of the lands and seas of Mars. There is a meaning, in- 
deed, in every change in our estimate of tlie Sun's distance, which 
is (Ull of interest for the student of nature ; but surveying as- 
tronomy, so to describe the work for which Government ob- 
i-ervatories are established, could get on quite as well if the 
.Sira'fl distance were erroneously estimated by many millions of 
miles, as if we knew the distance to a hair's breadth. Certainly 
the determination of the physical features of a planet is not 
devoid of interest for the student of science ; it enables us to 
judge of the planet's actual condition, to compare the planet 
with our earth, to draw inferences respecting the influence of a 
planet's size, mass, and position on the progress of those various 
^^langes which constitute the life-history of the planet. Indeetl, 
^HLdo not hesitate to say that if we could obtain exact knowledge 
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respecting; the physical condition of tin: Mortn, Jlars, and 
Jupiter, the information would largely tsiirputis in real interest 
the most correct determination of tie Sun's distance. If any 
proof of this were needed, it would lie found, I conceive, in 
the fact that every piece of information obtained respecting 
the physical condition of the planets is at once recog;nized a* 
full of significance, wliereas when a change has lieen made in 
our estimate of the Sun's distance, corresponding changes are 
made in the numerical relations indicated in our t^xt-booka, and 
that ia all. No suggestions are made, and indeed none seem 
needed, to the eft'ect that we must modify viewi formerly enter- 
tained respecting either the Sun or the members' of hia family. 
The determination of the Sun's distance, in fact, is a problem 
of surveying and statistical astronomy, not of that living as- 
tronomy, which alone has any interest for us us reasoning in- 
habitants of one of the worlds which fill God's universe. 

The aspect which will be presented by Mars as deen in tilt 
telescope will not differ greatly at any time during the approach- 
ing opposition from that indicated in the si:t illustrative projec- 
tions(P!. VII.). These represent six stages of Martian rotation, 
separated by 60°, or by 4 hours of Martian time. On Sept. 5, 
Mars comes into opposition at nddnight. At tliia hour the Mar- 
tian meridian crossing the centre of the disc of Mars will be 
very nearly in 26° east Martian longitude,or the meridian paadng 
Borao 15° east of Dawes' Forked Bay in the accompanying 
chai't (p. 245). The view nearest to this in the series of six ii 
No. 2, in which the central meridian is in 30° Martian longitude 
east. The rotation of Mars occiu-ring in the directicm shown 
by the arrow, and one degree of rotation being completed in 
alxiut 4m. 6^s,, it follows that the aspect shown in No. 2 will 
be presented at about 1 6^ minutes before midnight Sept. 5. 
The observer will have no difficulty in determining when the 
other views may be looked for. On any the same night, the 
interval Imtween one view and the neit amounts to alwnt 4h. 
6m. lis. (the rotation period of Mars being 24ii. 37m. 22-7s.}! 
and neglecting the angular motion of Mars about the earth, 
which in such a case we may do for short intervals of time, any 
view changes nearly into the preceding for the same hour of 
the night in the course of sis nights. For, in each terrestrial 
day the planet completes one rotation, Icas the amount of rota- 
tion corresponding to 37m. 22'7s., and six times this dailr 
loss of rotation gives the rotation corresponding to about 3h. 
44m. 16s., or only 22m. short of the amount corresponding tc 
one-sixth of a Martian day. In seven days, the loss ft 
gponds to 4h. 21m. 39s., or only about 15Jm. more than the 
amount corresponding to one-sixth of a Martian day. ^^BjT^ 
neglecting hi? angtdar motion round the earth. Mars ^^^^M 
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r aspect sho-mx in No. 1, six davs leas 22tiun., or seven d^ys 



15^ min. 



he had presented the aspect shown i 



b mayf however, be convenient to the observer to intioduci- 

b oonwttion for Mars'w angular motion round the earth, which, 

id, though small for the motion of Mars during six or seven 

m) when be is in opposition, necessarily becomes apprc- 

e in the course of several weeks, during which the planet is 

■ourably placed for observation before and after opposition. 

correction can readily be made as follows. From the 

BTautical Abnanac ^ mark in the position of Mars at inter- 

f ten days (say) in any atlas showing longitude and lati- 

(In my "School Atlas" the longitude and latitude lines 

I indicated by their points of intersection to every 30° ; but 

""1 be found easy to fill in, on a tracing taken from the 

r map, the intermediate longitude and latitude lines t<j 

f 5" or 10°). Thus the ge«icentric motion of the planet in 

' 1 is indicated. Direct motion in geocentric longi- 

lya pro tanto the coming of a Alartian meridian 

a centre of the disc of Mars, while retrograde motion in 

ric longitude hastens pro tanto the arrival of a Martian 

Q at the centre. For instance, suppose that on a given 

n after opposition Mars has retrograded «" in longitude 

B opposition place on the chart and that the epoch t is 

lated for a given view of the six formulas numbered ] , 2, &c., 

t taking into account the change of Mare's position rela- 

1 the earth. Then that view will be presented at the 

—(4m. 6iB.)i. 

e above data will he sufficient fur determining the aspect 
) planet at any time during the approaching opposition, 
int will, of course, have to be taken of the gibbosity of 
8 affecting the apparent jwsition of his central meridian 
J time ; but the " Xautical Almanac " supplies the neces- 
f ioformation for this purpo^. 

~ e points to which 1 would direct the special attention of 
8 are three, — first, the position of the south polar snow- 
; secondly, the rotation -period of the planet ; and thirdly, 
atioo of the configuration of various lands and seas 
oitly to be mentioned. 

D every good oljser^-ing night the angle of position of the 

e of the snow-cap with reference to the centre of the disc 

I be determined in the same manner as in the case of a 

e star — the centre of the snow-cap corresponding to the 

nion and the centre of the disc to the primary — the 

rv&tions could not fail to be of value, Jis showing whether 

p occupies the true pole, or if not, how far from the 

e pole its centre lies, and also showing where the true south 



pole of the planet Mva, I do uol here enter into the eonaidera- 
tion of the method of calculating from the observed nngle uf 
position the true position of the axis, simply becau^ tbo muia 
lor whom the explanation would have any meaning will be aiili- 
qiute leadily to obtain the lequiied formidae for himself. TImjj 
are presented in an article of mine upon the opposition of Mare 
in 1873 in volume xssiii. of the "Monthly Notices" of the 
Astronomical Society. But as there are some who fiud fiumulx 
jn'iplesing, especially when the manner in which such fnrmule 
liiivf Ijeen obtained is not indicated, I deem it desinil>li? to iu- 
ilinitc a construction by which the proper bearing and putitiim 




s at any time can be easily and exactly indicai 
can easily be shown that this construction corresponds with tbe 
spherical formula given fur such cases in the above-mentioned 
volume of the " Monthly Notices," and also in thfi explanatiou 
of Tables VII. and VIII. of my work entitled " Saturn and Us 
System." 

Describe a circle apb, and let pop', aob be di>unet«TB »t 
light angles to each other. Krum v measure on i-ii on arc r» 



ir" 56' (the nni^le n of the formulna), and draw iiT equare I 
1 } .\B. From IJA measure off the arc dap's? eqiiul to the 
right asceHBion of Mars at the time considered. (I ha\e 
taken the actual right ascension nt tlie time of opposition 
on Septembei- 5, viz. 347° 19'; otherwise, for the general 
illustnitiou of the method, I ahould have selected a more con- 
venient arc.) From « measure off' an arc on bpap' equal to 
the Dorthei'ly declination of tiie planet ; —the declination being 
southerly on f^ept. 5 — the extremity of tiiis arc will fall on up* ■ 
its at H, where bh is an arc of 12° 9^'. Draw the ordinates F«^« 
iiM intersecting in M, corresponding to the place of Mars on I 
the star-sphere, where pop' is the polar axis and aob the projec- 1 
lion of the celestial equator, v lying on the coiicavity of thf 
sphere thus projected. Now take arc vp = Z2'' 42', the inclinji- 
lion of the polar axis of Mars to the earth's polar axis (No. I 
of the formulas ), and draw the diameter pop'. Then, if tlie 
|K>int M V>e supposed brought to the centre o by two rotations, 1 
•ine round pop', the other round Alt, the position taken up by 1 
pp' will lie the true projection of the polar axis of Mars at the J 
time considered. The construction for this purpose is indicated I 
by the dotted lines in the figure. (The full lines indicate con- m 
structioDS couiinon to all cases ; the broken lines indicate con- 1 
s tractions for tinding u ; the heavy lines indicate final i-esult^l 
the broken heavy line being that part of the polar axis of Mars 1 
which lies between his centre and bis unseen pole). Draw ii K I 
si^uare to or', with centre K describe arc hl, meeting fm ; I 
draw p^ square to OP, describe quadrant plh about it, take ara 1 
A/=HL(i.c. angle M-i=angIe hkl); and draw lp^ square to pi: I 
Then p^ is the position of p after first rotation. Nest, drawing- 1 
a p,?i, square to or, letp/y square to au meet arc ah'b about I 
7t as centre in t ; take arc 6A' = Bn; then h'p^ square to «» J 
gives the place of p after second rotation. Thus p,Op', is the ^ 
position of the asis of Mara. It is readily seen that pj cor- 
responds to the imseen pole, p', to the risible pole. We must 
now take oe on npj equal to oK, then e is the place where the 
equator crosses the central meridiau. The rest of the construc- 
tion is the ordinary projection of a sphere. Half the equator . 
is shown. It is a good plan, by the way, to complete the 1 
construction for one-half only on tracing paper, and to prick i 
off the two halves in the final drawing from the same tracing, ] 
first from one side, then from the other. This secures sym- 
metry with respect to the polar axis. I 

The constniction above given occupies only a few minutes in 
practice, and gives results quite accurate enough for tlie correc- 
tion of the position of Mars's polar axis. In fact it would be 
t indeed if the telescopic observers could obtain results ev" 
y as accurate as such const nict ions afford. J 



The determination of the rotation period, or rather, oheei- 
vation for correlating the rotation period, nteds no special 
«zp)aiiatioD. We have already eeea how the time when thp 
various features of the planet's surface will come t« the ceBttal 
meridian can l)e determined beforehand. It is only necessary 
to note the actual time when they do come to the central 
meridian, to ascertain whether any correction is required. Hut 
in point of fact, observations made on the planet's rotation now, 
will only have any real vahie some centnrv or two hence. The 
rotation period has been already calculated to within the tenth 
part of a second, for though Kaiser's result differs from mine by 
about that amount, I have shown that there are clerical errors 
in his calculation, (such, for example, as his taking the year^ 
1 700 and 1 800 as leap-years,) and that when these are corrected 
the same rotation period within a oOtb part of a second results 
from bis researches as from my own, 24''. 37". 22*7*. 

It remains only that I should consider what special ob- 
nervatioDB of the features of Mars are now likely to be of 
lice. 

In the first place, I think the time has come for a i 
careful study of the varieties of light and shade and of colour in 
this interesting planet. It should be noticed that the apparent 
discrepancies between many excellent drawings are probably 
in the main due to this cause. I have studied hundreds of views 
of the planets, and at first I used to be greatly perplexed by 
finding that two skilful obsenera seem to see two different 
planets with their telescopes. The drawings constructed by one 
observer agree most satisfactorily inter xe, and so do those 
obtained by the other ; hut when one set is compared with the 
other the most startling discrepancies are noted. I am disposed 
now to attribute this chiefly to the fact that slight varieties of 
shade have not been sufficiently noted, or, if so, have not been 
adequately indicated. In the main, observers are apt to dividi 
the surface of Mars into two tints, one light, the other dark, and 
one observer will set a portion which is faintly shaded in tli« 
dark part of his picture, while the other not recognising tho 
difference of shading, perhaps, or else considering it imimpoi 
tant, sets that portion in the light part. As the colouring c 
Mars is in reality exceedingly delicate, especially in certain 
portions of the planet, and as, moreover, diB'erent eyes diSci 
greatly in their estimate of colour, the drawings are not cor- 
rected on this account, as otherwise we should expect. Tbe 
ordinary text^book notion that the surface of Mars is divideil 
into a ruddy portion, a green portion, and the white polni 
snow-caps — with perhaps occasional white cloud-markings— ii 
iLltogether remote from the truth. Only a very small p<n^|n 
the land ha^ a ruddy tint which can be regarded us weltBi|[^| 
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^^ 8 though the greeoiah line of the seas perhaps extends a little 
more widely (at least for most eyes) it is wanting over large J 
tracts uBtially regarded as marine in cbaracter. 
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As a general rule it may he considered that a dark marking 
once fairly seen is to be regarded as indicating a sea-region, 
whether commonly seen or not. We cannot but suppose that 
I ilars as on our own earth, there are sea-regions where clouds 
s very prevalent, and where, therefore, we are seldom likely to 
tcb the dark hues of the sea. Our observations are after all 
ply made under &Tourable conditions at long intervals ; and 
_ ^oae of the northern regions of Mars have been as yet very 
imperfect, because when Mars turns his north polar regions, 
earthwards, he ia near the aphelion of his orbit, or, in other 
words, the summer of Mars' northern hemisphere, like the 
nuromer of our own northern hemisphere, occurs near the 
aphelion of tlie orbit.* This part of my chart of Mars will 
probably require more correction than any other part. In fact, 
& oin observations hy Messrs. Green and Knobel ( four of the latter 
^^Ktiave given in the article ABtronomy"Encycl. Brit.") it appears 

I 
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u-lreaJj that there is a large sea-r^oD to the north of Xknm 
.Strait, not shown in my chart. There ts also a sea ruiuiiiiir 
i»uthward« out of Nasmyth Inlet into Daw(?8 Contioent ; uid 
there are some reasons for believing that Naamytb Inlet runn 
into Tycho Sea. 

The following points have been indicated by Dr. Terby of 
Louvain, with regard to the regions just mentionetl, as 
likely to need correction in my chart of Stars. In the main I 
agree with him. 

1. As to the form of Tycho Sea and I>elaJnbre Sea. Is it 
probable. Dr. Terby asks, that those seas are as shown in my chart, 
or have they the extension indicated in the drawings of KnobeL 
Oreen, and othem in 1871 and 1873? In other words, is Rosa' 
Land a (>erraanent isthmm, or was the light streak seen there 
by Dawea only owing to a parsing cloud ? I have already shown 
why I think the latter view the more probable. 

2. Wliat are the relations between the was of Tycho and 
Nasmyth Inlet, Beer Sea, &c. ? 

;i. The exact configuration of the two dark bands which coo- 
iiect the seas of Tycho and Delambre with regions further west, 
requires to be determined ; may they not bo simply the proIoD- 
gations of those two seas, which in reality only meet on the 
eastern side ? 

4. What is the exact form of the faint prolongation of 
Tycho Sea towards the east, and what are its relations witli 
Airy Sea. 

5. To verify the solution of continuity betveen Tycho S« 
and this faint prolongation. 

6. To verity the existence of I,,asBell Sea and Leverrier Sei| 
of which no certain traces can be perceived in any drawingl 
<'xa>pt those by Mr. Dawes. 

7. To study the polar sea of Schriiter. 

8. Tu study the white r^on which Knobel and Oreen peN 
reived immediately to the right of the Sea of Tycho. 

He gives a similar series of quet^ions relating to six principil 
line series of the planet's sur£ice. I do not quot# all his que^ 
tions for want of space. The above series will indicate their 
general nature ; the observer of Mars who notes with care liu 
various and often varying features of the chief regions of the 
planet, should forward his pictures or tracings of tliem either ta 
Dr. Terby, of Louvain, or to the Astronomical Society. It would 
U- desirable to classify them in the way suggested liy Dr. Twrby. 
\iz., with reference to the following six regions: — 

1. Kaiser Sea and Dawes Ocean, with their chief dopundeiit 
features, extending between 30° and 120° of areographic longi- 
tiide ill my chart, (^In "NV-ArtViV (^■^VutobtV^ ■^vdiUsUi.'d in Um 
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April number of the ' Monthly Notices,' longitiiJes are measured I 

from the first meridian eastwards, not westwards, as in Modler's I 

chart, which in this respect I followed.) Tlie northerly limit I 

of this region is in lat. 45°. I 

2. The region including J. Herschel Strait, Arago Stmit, and I 
Newton Strait, extending about 30° east and west of the first I 
meridian, which passes through Dawes Forked Bay. I 

3. De la Rue Ocean with Dawes Sea and Lockyer Sea, extend- I 
ing as far east as Bessel Inlet. It extends between 240° ant] 1 
330' longitude, and reaches to 30° north lat. 1 

4. Hooke Sea and Maraldi .Sea, with Hiigp;ina Inlet, Huy- I 
gliens Sea and Bessel Inlet. Between 120° and ^40° long, and | 
reaching to 30° N. lat. 1 

5. Tychn and Delambre Seas, and the northern part of Dawes 
Strait (" I have made a special study of this," says Dr. Terby, J 
" aa the least known of the Martial regions," for which reason I 
I have given all his questions relating to this regiou.) I 

6. Beer, Airy, and .Schroter Seas, Oudeman's Inlet, and their I 
ri-lationa with Bessel Inlet and Huggins Inlet. I 

The two last regions complete the surface of the planet, I 
extending from 30° north latitude to the northern pole. I 

Great interest will attach to the study of such changes as I 
may be produced by the formation and dissipation of cloude I 
itver the siuface of Mars, or the melting of snows either with M 
tbe progress of the Martian year or possibly even during the ' 
course of the Martian day. The approaching opposition occurs 
about a fortnight before Martian midsummer for the southern 
hemisphere, the date of which is about September 18. As tbe 
melting of the snows which siuTound the southern hemisphere 
will probably reduce that anow*cap to a minimum about a month 
later, observers will have a very favourable opportunity of study- 
ing the redaction of the southern snows. Moreover, the small- 
nesfl of the snow-cap will render it easier to ascertain whether 
itd centre is coincident with the south pole, or, as is now 
generally believed, measurably displaced from that point. 
Observations directed to tliis end cannot but he regarded as 
eitreraely interesting. They will not only help to determine 
the true position of the Martian pole, but also to indicate 
the position of some of the midsnmmer isotherms for the 
southern hemisphere. According to the observations heretofore 
made, it would appear that the southern snow-cap reaches 
furthest from the pole in about longitude 30° east of the first 
meridian. 

A few words may be added here respecting the nomenclature 
in my map. When I was constructing my chart of Mars, I 
^Kbosed to write a treatise upon the p\axvet, TW\, ^ii.a va. 
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1867- A letter from the late Professor Phillips to Messn. 
LnnginaDS, diRsuadiD;; tliem from taking the risk of Ruch a work, 
and my inahility at thp time to incm- the expense of it myself 
caused me to give up the idea. Later a pressure of many other 
engagements has interfered with my intended resumption of the 
scheme. But it was the circumstance that I had such a work 
at that time in preparation," which led mp. to add names to my 
chart of Mars ; because in the accounts which I should have had 
to give of the various features of the planet, names would have 
been convenient if not absolutely necessarj'. The ride whi^h I 
adopted in the selection of names was simply to assign to the 
chief features of the planet the names of obseners who hiu) 
detected such features ; to features next in importance the 
names of observers wlio bad extended, but not in equal degree, 
our knowledge of the planet's surface; and to minor features 
the names of those who had advanced oiu' knowledge of tbe 
theory of the planet'. This was done simply for con4"enienee. 
Some principles had to be adopted, and the above seemed as 
good aa any which occurred to me. There was no idea of recog- 
nition of the labours of the various observers or mnthetnatir 
cians in question. It has always seemed to me that such iilew 
are absurd, and almost childish. As the chart wns almost 
entirely formed from drawings by Dawes (though I stiidioil 
many otbers), and as he expressed a wish that his name might 
he given to certain minor features which he alone IhuI observed, 
aa Dawes Forked Bay, Dawes .Snow Island, Dawes .Strait (which 
last, however, has been seen, I have since found, by I>ehardelny. 
Secchi, and others) his name appears several times in the charts 
Other names appear more than once. This I now think a mii^ 
lake, and propose to correct, taking counsel to fhnt end witli 
Dr. Terby, and others who have recently endeavoured indepttO* 
deutly to advance Areography. 

But, in the meantime, M. Flammarion, whobasnnt admnoed 
our knowledge of Mais by observation or calculation, or bos Mt 
least published no accoimt of work to that end, hus fvmatA 
what he calls a new chart of the planet, which is, in polot of 
fact, simply my own chart changed according to Dr. T«»lty'« 
Kuggestions of what viay have to be done in this way. In thi» 
new chart, the nomenclature is entirely altered. " Tim piinciplr 
of recognition' orof homage 'to the great men who Ac. &c."t* 
taken ae the basis of the new nomenclature. Tht>se who have en- 
abled us by their observations to chart tlip planet are relegated to 
small bays and peninsulas, while to those who hiive ndvanocH 

* I hope to be nbln shortly to carry out tlint imqjasc, onJ proboU; tht 
work will not tutfrr by tho ilelny. 
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aBtronom? generally (who are far too numerous for the purpose) 
are assig;ned the oceiine, seas, continents, and lands of the planet. 
The chart as a whole, thus modified, becomeB M. Flammarion's 
chart I " La carte que je viens de tracer," he says, " est done 
en realite un cinqui^me essai." EUe " represente esactement * 
r^tat actuel de nos connaissancea but la geographic de ce monde 
voisin." In reply to Dr. Terby'a somewhat energetic recla- 
mation on his ovra behalf and mine, M. Flammarion coolly 
rejoins that Riccioli's nomenclature replaced that of Ilevelius, 
and not improbably his will replace mine. This may or may 
not happen, and in itself it matters little which nomenclature 
is adopted, so that confusion be avoideci. But the reference to 
Riccioli is a little imfortunate. The following passage in my 
" Moon " was written three years before M, Flammarion's new 
chart was formed, and certainly without any expectation that 
it would ever be useful to point a moral ; M. Flammarion 
would hardly wish to have his new names adopted in the same 
way as Riccioli's, as thus described : — " Father Riccioli of Bo- 
logna published in 1651 a much less valuable chart than that of 
Heveliua. He adopted a new system of nomenclature, replacing 
the terrestrial names of Hevelius by the names of astronomers 
and philosophers. Miidler says, indeed, that Riccioli's work 
would have been forgotten, had he not been led by vanity to 
find a place for his own name on the moon— an arrangement 
only to be achieved by displacing all the names used by Heve- 
lius, at the risk of causing perplexity and confusion to later 
astronomers. The charge is rather a serious one." Strangely 
enough M. Flammarion has in the most marked way left the 
most striking feature of Mars — the Kaiser Sea— with no other 
name than Mer du Sablier or Hour-Glass Sea. Whether the 
it will he taken remains to be seen. 



Dr. Terby considerB the corrected chart inferior in nccuracy to mine, 
«ft«r the study of a great numtei of views o[ the planet, 1 feel confi- 
dence in aeeertin^r thnt Dr. Terby 's opinion is jusL Some of the featutes u 
drawn bj M. Flammarion are scarcely recognizable. 



EXPLANATION OF PLATE VII. 
_ « of MaKtaa rotation, sepitrated by 60° or fonr hours of Martiitn 
i'Ag. S, Ibe first meridian of the chart paaeea about 30° east of the 
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SO vast are the accumulations of volcanic materials of diSerait 
ages in Auvergne which have burst out through the oM 
granitic land that bordered the eocene and miocene lakea of tlie 
Lima^e, that we are apt to ignore the g^ranite masses wbieh 
constituted the ancient coimtry through which generally the 
Volcano3 of different ao;es burst. When, however, we visit tbft 
higher regions of the Forez, the Hnute Loire, the Ard^che, 
the Cevennes, we pay more attention to theee mountain ma 
of cr^talline rocks, they gain on our respect, and we wish to 
Jctiow something of the time of their elevation and their claim 
to antiquity. Mr, Scrope directed attention to the great frame 
of secondary rocks which surrounds the upheaved granite countiy. 
These secondary rocks include an extensive series of atnla 
which are now known to be of Linsaic, Oolitic, and Cretaceoin 
ages. In some localities, as in the Cevennes, these UmeatMM 
strata are tilted with the granite rocks, and attain to a very 
considerable elevation, while in others towards the north-west 
they decline with the granitic rocks. In the Ard&he, in the 
Coiron mountains, they occupy a wide and nearly liorizootal 
table-land, and have been overflowed by basalt and protected 
from denudation. Here the upper beds are of lower Cretaceous 
age, and the question arises in the mind of the lover of physical 
geology. Did the Cretaceous and .Turassic seas once roll tbor 
waters over the country of the Auvei^e, where now riee tbv 
heights of Mont« Dome, Mont Dore, the Gantal, the FofO, 
and the Haute Loire ? or was this granite country an inland evon 
in those far distant epochs? I have directed attention, in mj 
paper on the Auvergne country, to the occurrence of Eooeofl 
species of mammalia in freshwater beds, at Oaimat and fjt 
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Puy en Velaj. and it ia well to bear In mind that thn ide*'*- 
tion of some of the hi^iest ntoontain rangce in tbe wurU hu 
taken place since the Eocene epod. We have picked ap 
Eocene fossils at a height of nearly 10,000 feet od the Swija 
Alps, and friends have sent na specimen* from the height of 
20,000 feet trom the mountains of Thibet. Id Europe, in Asia, 
in Africa, the stony relics of »miiMl« which ooee flonriahed in 
the deep wateis of the Eocene was are now efevaled thoo- 
Eands of feet above the level of the plains. The rerj sites 
-of great cities, such as London and Paris, are crowded with the 
fossil remains of animals which lived on Eocene lands, or fre- 
quented Eocene waters, and whose fonos and dnpea testify 
to the vast climatal changes which have happened in oar lati- 
tudes since they lived and died. The mammalta of that epodi 
were so strange in form and structure that it is diffin^H to 
recognize in them any relation to existing speetes. The 
palsothere«, which frequented the shon* of iteas, estoaries, 
or lakes, nfaere are now the Isle of Wight, I»adan, Paris, and 
Auvergoe, were types of the existing rhinoceree, tapir, and 
faoTse ; and the Hysmodon which preyed upon them, and whose 
remains have been found in Hampshire and in Auvergne, was a 
carnivore which combined the destructive energies of the woU^ 
the hyaena, and the tiger. Then as r^ards the plants. The 
Eocene plants of these latitudes were of eub-tropiral types and 
genera, and have almost altogether disappeared from lands 
whose climate is no longer adapted to the palm, the doDaroon, 
and the custard fiaiit. With them, too, have disappeared from 
the seas the turtle, the great sub-tropical nbark, with numeroui 
forms of sub-tropical shells ; and the crocodile no longer haunts 
our lakes or rivers, om it did when the fjypsum of Moutmartre 
was accumulating where now iti that Parisian hill. 

It is impossible to visit the museums in Paris and see there 
the relics of mammalia, reptiles, and birds which have been 
foond in Upper Eocene lacmstrine beds, and the shells and other 
remains of marine animals which lived in the Lower Eocene 
Bcas, without feeling sure that Eocene lands as well as waters 
were teeming with life. Fifty extinct types of mammalia have 
been found in the Paris g3fpsum alone. And yet all we know 
«f the land-life of tlie Eocene epoch may be said to be fui^ 
niabed b; a set of quarries which in France and England 
together would not occupy a square mile of ground. No wonder 
Sr Charles Lyell insisted on the imperfection of the record. 
How the Miocene strata of the Continent, so poorly represented 
in Great Britain, afford many more fossil remains of land 
•nimals attesting the existence of Continental areas inhabited 
"by vast nnmbeTB of quadrupeds, which lived on the borders of 
ancient rivers, and whose remains are found in the silts of 
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aocient rivers and takes. The hordes of the Persian tymtt 
when he burnt Athene could hardly have been more numerous thu 
the gwanas of animals, mastodons, dinotheres, hipparionfi, 
g;iraffee, which frequented the Miocene plains, nhere now sti 
Athens, and where now rise the mountains of Greece. El 
France, Switzerland, and Germany are freshwater strata, the Bill 
of ancient Miocene lakes, which all tell a similar history of tli 
existence in European areas of widespreading Miocene 1and«. 

There has always been a good deal of difficulty about tht 
separation between the Miocene and Eocene formations. Il 
the country around Paris, French geologists drew the lined 
the Fontainebleau sands, and placed the Montmartre gypiMta 
and itH mammalia as the summit of the Eocene seriee. Tbt 
Montmartre beds belong to a freshwateir series, and the FoB- 
tainebleau (Miocene) sands are marine, and full of n characbfri^ 
tic shell, namely, Ontrea cyatkvla. Sir Charles Lyell fonnerlj 
objected to this division, but admitted it as the only one a^nt- 
ing with the distribution of the Eocene and Miocene mammalu; 
which, after all,must be the mofit important te-st, as the mollitMi 
are known to be so much longer lived as regards geological iime. 
I mention these circumstances because marine shells of tbe 
Miocene age are said to have been found near Issoire and I^e Pnj 
en Velay ; while the Eocene silts which contain Eoceno mamma- 
lia l>oth in Auvergne and at Le Puy en Velay are undoubt«il_T 
freshwater. The traveller may reach Le Puy en Velay by nil 
from Lyons by St. Etienne ; but we advise the route by Tssoirtn 
and Brioude from Clermont Ferrand. Issoire, the anciatj 
leeiodoriun or lesidore, was a place of considerable im]>ort«iteM 
in Roman times and the residence of a prcetor. Tlie church m 
remarkable for its size, stateliness, and decoration in <ioIouit.| 
It is a fine specimen of Romanesque architecture, from it« dM 
cular eastern apse to its western front, which Ls, like our oulj^ 
N'orman, quite plain, with billet moulding; round the an'tii!^ 
Over the square front is a square tower, with two rows of ranmi- 
headed windows, and in the centre is an octagonal toww, like- 
wise showing two rows of windows besides a short spire. WiUiin 
the church the great height and length are very imposing, and 
the date of the building is reputed to be A.D. 939. 

I have alluded in my former paper to the geology of Ij*)jrs- 
It appears to me that there is t>till much to learn. Thf Pu; 
Bumire is the highest elevation at which the tertiary ^1^ 
water strata are found in all Auvergne, and Mr, Rirnp' inafc^ 
the height to be 2,730 feet above the sea. Tlii- : 
visited in order to see the basalt resting at thi- ' 
mosses of freshwater limestones and marls. r>i 
portant researches in the Issoire district are tLucn - ..i. .. —^ — 
' a thorough investigation and corruUtii>n ot tbc namf 



jiusitioDs of the different allDiiiims, brecoM, gTarab. aad drifia 
■if thecouDtr;, loi nowbere 6om &ad tbt eMcaxttion at xwOejt 
more marked by older and nemr gim T tA i^ aa «dl m by the 
poiition of older and newer Un ib«eta. Hovbeteen «e rtadf 
better the masses of coogforoentic alfama ^nck dew Jed 
the valleys, and are so largdr devdoped at the Dot da 
Maraie near l.,ac Chambon, at Secb«r and CSompcix. Fb- 
fortumitely when at Isfoire I bad little time to 'eiaadne tbe 
physical position of these various alhms and drifts, aHboogb I 
had uot«s of localities where certain ipeciea of ammnalia bare 
beenfound. Twokindsofmaniiot(£^MnnopJltf«i«aiid^reto»i|fa), 
liave been discovered in drifts or brecciat near laoire, at F^ix, 
Coiide, nnd Champeix, and with tbe«)e were foond tb« l^omyi, 
or arctic tailless hare of Siberia, now no longer llri]iginEnro{)e, 
and remains of the mammoth. Tbe caves of Chanipetx, too, have 
yielded the remains of bear (Ursus ajpeUms'), badger {J/eUa)j 
and horse. Hyif-na also has been foond in tbia district. With 
respect to the Pliocene mammalia, tbejr have been (band in 
great abundance in the tuffs and breccias of Mont Perrier, and 
with them are Mastodon arvmiens^a, EUpkas -mtridionatit^ 
Rliiiuxxios etruscus, EtppopoUimtoi mttjor, and the great tiger, 
Miichait'odua cuUridene. most of which occur in the foreat beda 
of Norfolk. Mr. Scrope informs us that the researches of MM. 
Cruizet. Bravard, and Pomel indicate that the remains of 
mammalia &om tbe bone beds of 31ont Perrier lielong to mt> 
cessive tertiary epochs, and that there are distinct aesembiages 
of species preserved in the different bone brecciati ; in short, that 
there are Mont Perrier stratified tuffs and breccias of Miocene 
age containing Pliocene animals, and Pliocene tuffs and 
breccias containing Pliocene qiiadnipeda. But this is not easy 
to understand, for it la evident that tbe old Miocene basalts, 
which now are found high up upon hills, bad been excavated, 
and deep valleys cut through them into the freshwater strata, J 
long before the lower bone-bearing gravel drifia and tbe Mont ■ 
Perrier tuffs which overlie them had been deposited. It seemal 
to me that tbe remains of tbe Miocene animals in tbe Mont I 
Perrier tuffs were probably washed out of older strata, and were I 
buried in tbe flows of mud which accompanied the later volcanic I 
eniptions which burst out in Pliocene times. There are no ^ 
phenomena in Auvergne so puzzling as these conglomerates and 
breccias. How masses of trachyte from Mont Dore and prisma 
of basalt, unworn, and with tbeir angles uninjured, arrived at 
such positions, as the Puy de Monton, twenty miles from the ■ 
Pic de Sancy, it is very difficult to say. In the neighbourhood ■ 
<i{ these mud breccias, too, it is well to be careful about attri- I 
btiting the transportation of rock masses to the action of a ] 
glacier, for in some instances the mud has been washed out and A 



tlie blocks left stranded. Tliis may be seea in the oeighbouiliiood 
of the Dent da Marais. Up tiie Allier from Isoire is Brasnc. 
This Carboniferous outlier is separated by a great tract of 
elevated granitoid gneiss &i>m the coalfield of St. Eticaoe mile* 
away to the eastward on the right bank of the Ijoint- It tics 
in a hoUow of granitoid gneiss, and is overlain on tlic west by the 
tertiary freshwater marls, which near Ardcs to the wostwanl a 
themselves overlain by basalt. Volcanic outbursts of compon- 
tively late date, have penetrated through Carboniferous rocki, 
tertiary marls, and granite in this district, and axe seen in a 
ofscoriieandpeperino. Le Vernet, famous for itsamethjratfjUc* 
I to the north-east of Brassac, and is situated on granitoid gneiHt 
Brioude is not quite half-way between Iseoire and Le Puy. It 
was once a Boman settlement, and in later centuries sutlerwl from 
' the ravages of many armies which from time to time desolated 
France, and from the proscriptions, wars, and massacres which 
accompanied the suppression of the Huguenots and their love 
of civil and religions freedom in Haute Auvergne. Brioude 
is now an old rambling town, quaint, odoiiferous, and dirty, 
witt ho\iseg which once saw better days, and apparently belungw 
to wealthier inhabitants. The site of the church is bellered 
• to have been occupied by a Roman temple, and the Christian 
forms of worship to have been established here in the old li 
of paganism. The portal is very hue, and the revolutions whiith 
time has wrought have not been able altogether to efface the 
ecclesiastical monument of bygone centuries. Here we hate 
the southward prolongation of the tertiary freshwater strat* o 
iim Limagne and of the valley of the Allier, and here the eruiitia 
gneiss, through which the river flows so many miles nrom iti 
source, abuts against the stream, and rises to the soutli in the 
Montagnes de la Margeride, and the mountains of the Houttf 
Loire. In this elevated region rise, not only the AUicr and 
the Loire which flow northwards, but the Ardeche, Erious, an 
many streams which flow to the Khone. At Vielle Brioudu n 
cross the Allier by a fine bridge, but the river is subject to sue 
violent floods that its bridge and railway are exposed to coi 
siderable danger. In 1824 the old bridge of Vielle Orioude fr 
wholesale into the Allier, A little west of the village of Vielli 
Brioude is the village of Sempole. This place and the ruina 
Castle of Massiac are built on outliers of a current of basalt whid 
flowed from the great Etna-like volcano of the Cantal on tJ 
south-west. In fact, the stream divides the voleunic uutbont 
of the Cantal from those of Langeac and Le Puy. 

In the fifth century, in the days of Clovis and Childeboft 
Brioude was considered a place of importance, and Auver^ i 
rich and tempting land. Gibbon says that " the sides of Uk 
hills were clothed with vines, and each eminence * 
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with a villa or caatle ; " and relates, on the authority of Gregory 
of Tours, how Theodoric, the eldest son of Clovis, led bia 
troops, reinforced by the fiercest baiharians of Germany, 
and spread desolation over the fruitful face of Auvergne. Two 
places only, a strong castle and a holy shrine, were saved or 
redeemed from their licentious fury. The fortress he fixes on 
was at a place called *' Castel Merliac, two miles from Mauriac." 
At all events, the higher rocks and commandiuj,' situations 
appear to have everywliere been fortified at an early period, 
as the Puy Dallet near Clermont. On the occasion alluded 
to, the church of Brioude was sacked, and a division made of the 
spoils at a small distance from the town. 

To the west of Brioude are the high granite summits of Le 
Forez near La Chaise Dieu, where rise numerous tributary 
streams both of the Allier and the Loire. This is a wild in- 
hospitable district, with forests of fir still tenanted by wolves. 
Here, too, as in Cevennes, the Huguenots, when they became 
an isolated and proscribed race, often touk shelter, during the 
Reign of Terror in the days of Louis XIV. The singular 
village of La Chaise Dieu was onco famous for its Benedictine 
abbey, founded as early as 1452 by a canon of Brioude, who 
was afterwards looked upon as a saint, under the title of St. 
Robert. The once extensive monastery is now desolate enough, 
the great tower and some melanclioly buildings attached to it 
being all that remains. The church is remarkable for its size, 
its fine windows, carved oak, and a fine tomb and figure of 
Clement VI. But where are the worshippers? All is moulder- 
ing and damp, and the coimtry around is wild and drear, the 
granitic gneiss weathering into a poor imfertile soil, traversed 
by torrents, which in rainy weather turn the Loire and Allier 
into roaring floods. 

Nevertheless, the geologist may in this district gather a 
good deal of information as to the physical conformation of the 
country long, long ago. He may roam among those granite 
heights and restore in imagination the features of the country, 
evea as far back as Eocene times, before the mountains of 
Cantal, Mont Dore, or Monta Dome, now such grand features in 
the landscape, had any existence. No doubt long ages of denuda- 
tion have planed down the peaks and precipices of the old 
granitic mountains ; but there stand " the eternal hills, " their 
forms and features greatly changed perhaps, but looking down 
now from the most elevated heights upon towns and villages 
where once flowed the waters of fresh-water lakes. By the 
shores of the old lake of Le Puy the long extinct forms of the 
palaeothere and anoplothere might have been seen roaming 
about ; and the gazelle-like xiphodon was chased by the hyieno- 
don over the granite mountains which rose above the lakee> 
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Then in later times (Miocene) those aame mountaios were th« 
haunt of mastodons and rhinoceroi'ses, the hipparion, aud the 
fitag ; and the dinothere frequented the waters of Mioi-ene lakea, 
which were in existence when the Cantal was vomiUug fortli its 
volcanic tires, and ^lont Dore was sending forth atreums of lava 
twenty miles in length. 

On crossing the AUier from Vielle Brioude on our way to Le 
Puy, we pass over the base of the granitic rocks which riie 
int'O the mountains of La Chaise Dieu and La Forez. Hera and 
there deep wooded ravines diversify the scene, and at Paul- 
hagnet we come upon recent volcanic masses which have burst 
through the granitic rocks, and which probably belong to the 
game age as the outbursts of the Puys de Dome near Clermont. 
Near a place called Fix, the granite rocks appear again, and 
soon after we strike the volcanic eruptions of Mont Dcntae, and 
those around Le Pay. The most unimaginative sightseer can 
hardly look upon Le Puy en Velay without feeling a UiriU wluo 
his eye rests tor the first time upon that city with iu Outhednl 
and its great pyramidal rock masses, the Kocher de Comville 
and 8t. Michel. Le Puy is a strikingly pictureEqae town, 
with its lofty cathedral and two pyramids of rock, the one sadly 
defaced by a great coarse-looking statue in bronzed iron of tte 
Virgin ; the other surmounted by a strange old church. The 
town is built on the south aide of Mont Anis in the form of an 
amphitheatre, and the Pluce de Meriel is a fine square with puUle 
buildings, while the streets are many of them narrow aod 
odoriferous. The liret impulse of the traveller is tt» make hit 
way to one of the rock pyramids which he sees rising from 
the town ; but which the narrowness of the streets and hci^ 
of the houses hide from hie view when exploring the street* 
themselves. The Cathedial stands below the Rocher de GoF' 
neille at the bead of some steep streets. Portions of thie veuer- 
able church are said to data from the eighth century, after 
the Saracens had been driven beyond the Pyrenees by Charlef 
Martel (a.D. 732), The portico at the western entrance is grmnd. 
Flight after flight of stone steps must be ascended before w 
enter the lofty portal of noble vaulted arches, supported an 
pillars of Romanesque character. The dooi-s under two sick 
arches are carved with rude figures, said to he of great anLiqaitjF> 
The interior of the church is similar in character to Uie otiiet 
early churches of Auvergne, with the exception of the noltr 
which is divided into two bays, each of which is domed. The 
interior of the building is degraded by a number of titebj 
pictures. We went near to the image of the Black Virgin « 
Le Puy. as no service was going on, and saw also a large paint* 
ing of a proceMiun of bishops, priests, and public func< * 
on the occafdon of a jab\\ee. IW ^^V&I1al.tVkxe on tbiii nl 
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whole volumes. The image which now atanda over the 
;h altur is & new one, the original having been burnt in the 
lutioD of 1792, but we afterwards saw aome curious relicB 
le original figure in the museum. Theee cooaist of the 
►Ida of pnpynis which once enveloped the original lilack Virgin. 
The aheets of papyrus bear Egyptian or Arabic inscriptions, and 
the figure itself was recorded to be of brown cedar wood, and 
with it was also said to be a conical atone liearing Arabic cba- 
itera. M, Maudet, the hiatorian of the civil wars of Le Velay, 
given the most reliable information respecting this image 
id its hiatory. Many have been the disputes aa to the donor 
the figure. The gift has been attributed to Dagobert, Charle- 
magne, and Philip Augustus, also to St, Louis. The general 
view now taken by the antiquarian is that the Black Virgin waa 
originally an ancient eastern idol or image of laia, of whose 
worship Le Puy, anciently Ania, the Aniacum of the Romans, 
was a great centre. It is not impossible that the Black Virgin 
waa the object of worship before the days of the " Holy Martin," 
bishop of Tours, and his crusade against idols (a.d, 381 ). 

St. Michel is a very picturesque rock rising to a height of 
nearly 300 feet, its diameter being only 400 feet. .Steps cut in 
the solid rock lead to the church which crosses the summit; 
and near the base of the rock are the remains of a Koman 
t«mple to Diana, now in a sad state of neglect. The portal of 
the little church of St. Michel, on the summit of the rock, has 
a round arch enclosed within one of trifoliated design, and 
figures are carved about the doorway. On the west aide is a 
semicircular choir, supported by Romanesque pillars, low, and 
carved in baa -relief. 

The Church of St. Laurent at the northern entrance to Le 
Piiy has only one object worth mentioning. This is the fine 
tomb of the noble constable of France, Bertrand do Guesclin. 
The celebrated soldier reclines at full length in armour of 
plate without his helmet. On his shield he bears a double- 
beaded eagle. He is styled "Messire Bertram dankin." Thia 
tomb takes us back to the days of our own " Black Prince " and 
" Pedro the Cruel," and was erected to perpetuate the memoi-y of 
" the most valiant knight, the most expert leader, the moat 
late and successful warrior who fought under the banner of 
e." 

K£efore examining the country around we recommend a visit 
I the Museum of Le Puy, which is a large and handsome 
DuildiTig. There are many objects of interest in the collection 
of Gallo-Koraaa relics from buildings, hypocausts. and tombs, 
and especially we noted a set of instruments of a Roman or Gallo- 
~loman oculist — scalpels of different form, forceps, tweezers, 
—all finished with^eat care, and Bho'«mgttv4\.eN«Q.\n^W4ia 
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times opbthalmic surgery had made coosideniMe progreo. 
The geological and mineralogical coUectioa occupies a sepante 
c-ompartmeut, and ebould be studied before examiuing the ge<v 
lu};j of the surroiiiiding district. Id this i-omniuniuatioa we 
c&ti only direct attontion to £oine of the most remarkahle mam- 
malian foAsild, and to the localities from whence tfaey cAioei 
which we learnt either from labels attached t^ tbem or from thft 
curator. From the drifts of Denize and near Polfgnao hara 
been obtained bones and teeth of the mammoth and Elephxu 
primigenius ; from volcanic breccias aear Solignac are remain* 
of Kl^haa TTUiridiortnlis aadtvro species of Rid tiocgrtM^R.Upbf- 
rkmus and megarhinus, with bones and lioms of a great st^. 
From Vialette we find Mastodon Ronzoni, Rhinoceros etmacHtf 
and Tapii-us arvenieiisie. From Ronzoa we find Oynodon 
vdaunua (witli huge carnivorous teeth) and Bothriodmu 
From the raarU and clays of Mont Anis and Comeille are tbft 
Eocene forms of two Palseotheres. These specimens are in the 
galleries. Tlie strata which yielded the Eocene relics al» 
yielded the eggs of water birds, the remains of reptilia, with 
some freshwater shells, such as Lymni^a and Paludina, and iba 
valves of Cypria, M. Aymard, in a paper read by him before 
the Scientific Congreai of France at Le Puy, in 1855, fully re- 
cognized the lowest tertiary marls and clays of the basin of Le 
Puy to be of Eocene age, and he has also endeavoured to esta- 
blish a triple division of the tertiary strata, vi8., Eocene, Mio- 
cene, and Pliocene, as well as Postpliocene breccias, and lii» 
views arc most important from his acquaintance with all tlie 
locatities in which the bones were found. It ia to be regretted 
that a letter arrangement is not adopted in the museum, for 
differentgroups of bones have evidently got iDtermiKed,and many 
of the best specimens are without names or the localities where 
they were discovered. 'With regard to the celebrated fossil human 
bones of Deoise, we were disappointed. In the first place, the 
bones looked too fi-esh. In the second place, they are described 
as occurring in " a block of breccia, whereas they oceur in • 
laminated sandy mass, with a mixture of lime. I have espfr 
cially directed attention, in "Nature" (.Tanuary 13, 1876), to 
an " iliac " bone in the museum. It rests between stalagmitle 
layers, as if the bone had been washed into a fissxire throngb 
which percolated water, charged with lime, 1 shall endeavour 
now to direct attention to points whii^h the geologist sliould 
visit in succession if he would become acquainted with the geo- 
logy of the district. 

Having seen the remains of glacial and northern animals in ttlO 
museum, and learned that my Mends 8ir Wni. Giuse and Kfr, 
Lucy had, on a former visit, detected drifts with angular fnff 
ment« near Potignac, which might be the beds indicated if 
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Scrope fls contaioiug bones of these animalg, one of our 
it Tisitd was to Polignac and Slont Denise. The rock of 
Polignac is one of those strange pyramidal rocks of basaltic 
breccia similar to the Rochers de Uomeilie and St. Michel at 
Le Puy. The Castle, of which little remains save the great 
tower and donjon keep, was once an important feudal strong- 
hold, the abode of a race of tyrants who were the terror of 
the surrounding country. It va» built upon a Homao site, 
for in the museum at Le Puy are many Roman relics which 
were found among its mouldering walla. The site is now over- 
grown with low shruba, graaa, and wild flowers, among which 
'lere still lies a slab of stone with a Roman inscription of the 
le of Tiberius, and a large bearded head which appears to be 
,t of Jupiter, the mouth of which has evidently been used as 
spout. South of the castle, at a short distance to the right of 
the road, near a place marked by a cross, is a ridge of consoli- 
dated drift, regularly stratiGed, containing lumps of granite, 
some as large as cannon balls, with fragments of lava. Two 
visits which we afterwards matle over and around Mout Denise 
convinced me that this conglomerate is a diluvium made up of 
rock fragments washed down from above, and that it occupies 
at Denize fissures and hollows which are the localities, in all 
probability, from which the teeth and bones of the mammoth 
were obtained. The granite, before it was drifted, was, I do 
not doubt, blown out by volcanic explosions, as fragments are 
found on the surface of Mont Denise, 

I think it necessary to separate these aqueous drifts and 
stratified conglomerates with majnmoth remains from the vol- 
canic muds and breccias. They look much more like those 
drifts which are the result of melting snows and nmniug water, 
and it is important to remark them whenever they occur, as 
belonging to the period we term glacial. They not only occur 
in valleys, as below Polignac, but are heaped against the sides 
of the hill of Denise, above Polignac, and Captain Price and I 
found them beyond " the Chimney," on the road to Brioude, 
high up on tie western flank of Mont Denise, and again on the 
north-east flank of the hill near the peperino quarries. L'Her- 
mitage is the name of a little hostel below Mont Denise, on the 
road from Le Puy to Brioude, and it was near this place that 
the human skull and other bones in the Miiseiun of Le Puy 
were said to have been foimJ in a block of breccia. As I have 
already hinted, we never liked the look of these human bones, 
and since investigating the site whence, as we were told, 
they came, we liked them less than ever. We were conducted 
by the man who declares he found them when digging a well 
sear the little auberge where he now resides, and he showed 
the spot above the well, now built over by a wall, where the 



remiuns of the skeleton lay. Tlie locality given hj Mr. Scrope 
in his sketch appears to be higher up the hill. Sir C. Lyell 
was also conducted to a place " not far from the summit of the 
volcano," but the well of the Hermitage is a long way from the 
summit of Mont Denise. We went from the museum to Denise, 
and again from Denise to the museum, on two separate oeca- 
iiions, and I convinced my companions as well as myself that 
the human bones were never enveloped in breccia, nor was the 
matrix of the masa in which they lie in the least like the breccia 
of the well of the Hermitage. I have already mentioned that 
some of the bones lie in a matrix which looks as if it wae 
derived from a wash of volcanic materials, intermingled with 
lime, forming a kind of stalagmite j and as I dislike throwing 
entire discredit upon the word of the peasant who found them, I 
would suggest for fntiu-e explorers the examination of the site 
for some distance above the well. It is not improbable that 
these human bones were washed into a crack or fissure, through 
which the water percolates downwards to the well of the Her- 
mitage. The geology of Mont Denise beyond the " Croix de 
PaiUe" is of high interest. " The Chimney " section shows the 
older breccias, or stratified volcanic mud (peperino ), blown away, 
and a great vent filled with red and black cinders. This lait 
explosion of Denise was not -apparently attended by any outflows 
of lava, but by violent discharges of volcanic cinders, dust, and 
bombs. The vent is well marked, the stratified older peperino 
presenting a wall-like line where the beds in the vent were 
blown away by explosive forces from below. While examining 
this remarkable section in detail we were struck by some 
yellowish-looking beds, which are seen resting in a hoU(.w a 
little to the west of "the Chimney." These are, I believe, 
alluvial breccias or drifts of the same age and character » 
tliose near Polignac, and on the north-east flank of Deniae. 
Another point also struck us, viz., that the explosions through 
" the Chimney " appear to be of later date than tbose drifts, 
for tlie black and red cinders are seen to overlie them higher 
up the hill. '*" 
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THE study of the geofinpLieal distnbtdieii cf tmag i 
extinct orgiininQs Ins neeaHj beeoBw one of the i 
importaDt hraoclies of phikm^thiaU mtonl hiatofj, f 
light which it throws both oa tLe faaaer caoditira oif tlK cnO^ 
and on the greatest sdeDtific <)DertioD of tbe d^, namely. Unit 
of the origin of species. T^ geognpliical dtt ti ib nti oo of 
ftnimals hus lately received mndi attentioii, the nkoit im port an t 
contribution to the subject being a lar^ work I7 Mr. A. B. 
Wallace ; but in the present paper we propose to brae together 
Bucb obEervations as may prove interesting, either fena tbeir 
importance or from their having been lew 6iUy disctused cfa^ 
%rhere. 

Most naturaliete are now agreed in reeogniRing six natn 
^0D8 of geographical distribution, as originally proposed by 
-, Sclater, viz. the Paliearctic. Ethiopian (or African ), Indian 
[or Oriental), Australian, Xeotropical (or tit^ical American), 
Nearctic (or North American) r^^ons. The Pabearctic 
^on includes Europe, North Africa, tbe northern half of 
JUiabia, and the whole of Western and Northern Asia, a^; &r afi 
ihe InduE and Himalayas, and a line drawn eastwards, running 
•oath of Thibet and Mongolia, and somewhat north of Formosa, 
The Indian region includes, besides South Asia, the large 
islands of Borneo, Java, Sumatra, and the Philippines ; but the 
Islands further to the east belong to the Australian region. 
The Neotropical region includes the West Indies, Central and 
South America, and the south of Mexico ; the remaining 
tregions require no further explanation. 

Although these regions are generally recognised as natural, 
we must not cnnsider the divisions between them as hard and 
fast lineB, except that between the Indian and Ai;stralian 
regions, where the island of Celebes is almost the only de- 
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batable ground. Indeed, the faima of much of tlie weatl 
of America, especi^ly that of California and ('hili, 
such tnarked affinitieti with that of the Palsearctic region, tllst 
these countries have been regarded by come writers rather as 
outlying districts of tlie latter than as biological portioaa of the 
continents to which they actually belong. It is also to be 
observed that this division of the worid into eix main regions ii 
more applicable to some groups of animals and plants than to 
others. Various attempts have been made lo subdivide thfl 
regions, but though some subdivisions, such as the Mediter- 
ranean fliibregion, are eminently natural, our knowledge of the 
natural productions of most of the regions is not yet i^utlicieatly 
exact to allow of their being divided in such a manner as to 
gain the general assent of naturalists. 

Owing to the much greater competition of rival forms in 
large continents, the larger and more highly developed fomu 
always appear to have originated and been brought to relative 
perfection on tlie greatest continuous districts of land. But 
notwithstanding the frequent alterations of level during geolo- 
gical ages, which have constantly united or separated varions 
portions of the earth's surt'ace, yet it appears that the largest 
maaaes of land, thoiigh differing in outline and continuity, have 
always occupied nearly the same places; that is, it is m(»e 
probable tliat the contour of fonner continents has l)6«i 
changed by gradual increase or diminution, than that a whole 
continent should be submerged or elevated d^ novo. It aim 
appears that the northern hemisphere, and more especially tbe 
Palsearctic region, has been the birthplace of moat of the prin- 
cipal groups of animals, including those now couSnwi t« tro- 
pical Africa, or even to South America." Nor need tlue 
surprise iis, poor a* is the present Palff>arctic region, when «« 
consider the great vicissitudes to which this refpon has been 
more especially exposed, and the many conditions imfavourahle 
to anioial life which it now presents. There is little doubt 
that the ajnazingly rich fauna possessed by Europe previous 
to the glacial epoch was then almost entirely swept out of it, 
a very large proportion of its original faima and flora beii^ 
either wholly exterminated or driven into distant re-giotMi, 
whence, on the abatement of the cold, their descendanbt would 
return very slowly, if at all. Besides, it is urged by Mr. Belt 
that during the glacial period such vast masses of water were 
locked up in enow and ice that the average level of the «a 

' This is confirmed eTen by groupa of whicb very fnw foftul Nm«ii« 
exiat. Mr. S. H. Scudder, io liiH recent work on foMtl butiarfliv*, gtJj 
admits nbe specieB, all European ; but of these foar An pivpoudur 
Anioriui] in their nffinities, tbree Oriental, onu McdilomuieBn, 



would be at least 1,000 feet lower than at present, and pro- 
lably far more. This would lay bare great tract* of land 
possessing a much warmer climate than any other portion of 
the globe at that time, where many tropical forms may have Rur- 
vived the glacial period, though some woidd doubtless have been 
subsequently esterroinated by the great floods whith Mr. Belt 
&rgiies would have occurred towards its close, from the melting 
of the ice. This view receives considerable support from the 
numerous traditions of submerged countries in the Atlantic, and 
off the coasts of China, India, Ceylon, and East Africa. 

Great changes have recently taken place in the inland seas of 
the Paliearctic region. It was formerly bounded to the sontb 
by a great inland sea, resembling the Mediterranean, occupying 
the place of the Sahara; and a chain of inland lakes appears to 
have extended from Spain to the Black Sea. Wallace believes 
the Mediterranean to have then consisted of two great lakes, 
while North Africa was connected with Spain and Italy by 
ext«nsive tracts of land now submerged. At this time, too, 
much of Northern Asia may have been depressed below the sea, 
or, at any rate, the great lakes, such as the Caspian, Aral, 
and Baikal, appear to have communicated with the Arctic 
iJcean. But there is atill much obscurity relating to the geo- 
logical history of Northern Asia ; and until increased facilitieB 
of comraimication and changes in politics render China and 
Asiatic Russia more accessible to scientific men, it cannot be 
entirely cleared up. It is so difficult to account for the total 
disappearance of such forma as the mammoth from a country like 
Siberia, tliat some have suggested that tliey were destroyed by 
floods, to which indeed a great part of Central and Northern 
Asia was very probably subject, considering the much greater 
number and extent of the inland seas in former times, even if a 
large portion of the cotmtry was not actually covered by the 
Arctic Ocean. Much valuable geological information relating 
to Northern Asia in receot times must be still locked up in 
Chinese annals ; and I have not yet met with any history by a 
competent geologist of the series of great volcanic disturbancee, 
inclusive of earthquakes and floods, which devastated China 
during the first half of the fourteenth century, and which were 
felt with great severity at lea^t as far as Austria and Greenland, 
and indirectly over the whole of the then known world, and 
there is reason to believe even in America. A history of these 
extraordinary phenomena, which are unparalleled in modern 
times for their extent and severity, if collected from the 
numerous available materials, and worked up by a competent 
hand, would be of the greatest scientific value.* 

* The moBt acoesBible account of this period in perhitps that in Ileoker'a 
Qistcrj of the Block Death, in his " Epidemics of the Middle Ages." 



And here I may Tcniark tliat I am convinced that ^reat light 
would probably be tbrown on the former state of the world id 
historic times by the study of Oriental literature by ecieatifie 
men. There has been much discussion among OrieotaUsts 
about the identification of the islands of W&k-wAk, mentioaed 
by Arab geographers, as well as in the "Arabian NighU." 
These are the islands, seven years' journey from Baghdftd, wboi 
the trees bear fruit in the shape of female heads, suspended \)J 
the hair, which cry out, " W&k~w4k " at sunrise and suhkL 
Then, to connect these islands more distinctly with birds, i\Mj 
are inhabited by jinneeyehs, who tly about in featlier-dreetn, 
nhicb are sometimes stolen by some enterprising hero. lA'alluB 
describes the great biid of Paradise (ParcuUsea apo<ta) M 
being \'ery abundant in the Aru Islands, and settling on the 
trees in flocks at ^imrise, uttering a loud and shrill note aiidi))la 
at a great distance, which sounds like " wawk-wawk-wawk-wok- 
wok-wok." Anyone who will consult Lane's "Arabian NifjliLi."" 
vol. iii. chap. 25, note 32, and Wallace's account of tlte Ijnat 
Bird of Paradise, in his " Malay Archipelago," chap. .38. » ill, I 
think, be convinced, like myself, of the identity of tlio Aru 
Islands with tlie islands of Wfik-wAk of the Arabian writ«r«,* 
But even when animals are spoken of imder their proper names, 
it will often be no easy matter to identify them in a transla- 
tion ; for I have generally found that the English, Frencli. ami 
German equivalents for the vernacular names of oomnum 
animals or plants are rarely to be ascertained with any nci-u- 
racy from the liest existing dictionaries; and tlds d^cultj 
would be greatly increased in the case of Oriental or ancieDL 
writings, in which animals, perhaps now extinct, would b^ 
quently be descriljed in very hyperbolical language. 

To return from this digression to Europe, we need ntt 
wonder that Us present fauna is so much poorer than in poit 
glacial times, or even than a few centuries ago. The adnuw 
of cultivation, the felling of forests, and the draininff of 
marshes have exterminated many species, even in our own dafi 
while others have been destroyed aa noxious creatiiren, aa tlw 
wolf in Britain, and the lion in Gemianyf and Greece. l>tlnTi 
were exterminated for food, as the great auk in the uortli' m 
regions; and the urus and aurochs, both now almost eitni'- 
the former only existing as lios flco(icw«, and the otliw n' 
Lithuania and the Caucasus, the last being the only locili^X 
where it is still actually wild. As, however, these wild oiHh 

* I am DDt HWarc tliut the reputed occiirreace of this Unl in Now QoiM* 1 
Iiu bi'on vuuliriiiLil ; and the ialiuKU of W&k-wAk arealwa}! gfokM ttfi*! 
the plural. I 

t WLich it ia belieriil tii have iaiittbited ilimng the litraac ■g*. I 



^■fierce and dangerous animals, they may have been extermi- J 
iBed partly for this reason. A very interesting volume coiild 1 
lie 'writteD on the animals which have disiippeared from Europe! 
within historic times. When the ancient world was overrun by 1 
huge and destructive animals, it must have been difficult for ^ 
men to make any progress in civilization ; but wlien the glacial 
epoch had swept aJl before it, it was much easier for men to 
improve their condition. So far as we know, the ancient 
centres of civilization, such as Central Asia and Egypt, were 
leas overrun with wild beasts than others. i 

The islands of Corsica and Sardinia, though barely alluded 1 
to by Wallace, are interesting from the number of peculiar I 
species which they already contain, and for the still larger i 
number of local forma, which, if isolated for a sufficient time, 
will ultimately become perfectly distinct species. Their fauna ' 
appears to have been derived from the mainland of Italy at a 
period when that country was already fully stocked with its 
present fauna, as they possess a large proportion of the Italian 
species. They have apparently been separated from the main- 
land for a much longer period than Britain from France ; for, 
although GKi^nee calls Britain " le pays des varietes," well- 
marked species have not yet had time to develop themselves. 
Here, however, other considerations step in. The much hotter 
and finer climate of Coi-sica and Sardinia may have stimulated 
the more rapid differentiation of species. And although we 
are still ignorant of many of the laws which govern the range 
of species, yet it appears from the large proportion of species 
common on the French coast, and not extending to Britain, that 
Britain was separated from France before France had fully 
acquired its present fauna and Bora, The same reasoning will 
apply to Ireland, which is much poorer in species than 
Britain. 

8ome writers think that the Glacial Period has not wholly 
passed away, and that the earth has not yet recovered its 
normal temperature; and although it would require a long 
series of observations, extending over many years, if not 
centuries, to arrive at absolute certainty, yet there are some 
historical grounds for believing that the climate of all Eiu-ope 
was much more severe only 2,000 years ago than at present,* 
How far the clearing of forests, &c., may have inHuenced the 
climate we do not yet know, nor whether its gradual improve- 
. ment is due to local or general causes. It is quite possible that 
the animals and plants now coniined to Eastern, Southern, or 
Ontral Europe are still extending their range north and west, 
90 far as they meet with no barriers to their fiulher migra- 



In the case of the Biitish Islands, there are other conditioii!! 
besides breaks of geot;rApIiical continuity which hinder the 
spread of some species. The unfavourable climate of the 
northern and western portions is probably one cause of titt 
restricted range of many species, and their total absence from 
Hcotland, Ireland, and in many cases, even from the north or 
west of England. Xothing strikes a naturalist, accostomed to 
the comparative abundance of insect life, even in the Boatb rf 
England, than its usual eoantiness in Ireland, although tbe 
latter country probably possesses about two-thirda of our EngliA 
species. 

The Mediterranean subregion presenta us with several a- 
teresting problems, in addition to some previously mectioiiei 
During the time that Spain and Italy have been separated &oa 
North Africa, great changes have occurred in the insects of tke 
opposite coasts, as well as in the larger animals which now in- 
habit those countries. Oberthiir, in his recently published work 
on the Lepidoptera of Algeria, doubts if any Algerian speoiea 
of Ztfg^na is identical with any European species. This,ho»' 
ever, might perhaps be expected, for the genus Zygtena eoft* 
sists of a great number of closely allied and highly varies 
species wtiich have their head-quarters in the Mediterraneu 
subregion ; and while some groups of animuls (as manf 
Mollusca) may remain almost unchanged for entire geologiod 
periods, yet otherc, which, like the species of Zygoma, ans 
speciEcally uni^table, may become modified very rapidly. Bui, 
notwithstanding the large amount of specialty in the Algerian 
insect^fauna, it is essentially the same as the European, and the 
African element is exceedingly small. (There are some specie* 
of insects confined to South Spain and South Russia. These kte 
probably very ancient forms, and may even be relics of the 
prej^lacial Paleearctic insect>-fauna. ) The large mammals of 
Algeria are apparently nearly all of African origin, having 
crossed from tlie south after the Glacial Epoch, and sulw- 
(juently to the disappearance of the Saharan sea, and to the fiiMl 
separation of Europe and Africa, although some identical speciet 
of wide range penetrated into, or perhaps returned to Europs 
through Asia Minor, such, for instance, as the lion. 

The Ethiopian Region, or Africa, is at the present day chitdf 
remarkable for the great numl)er of large mammalia nbiui 
inhabit it. Many of these, though formerly abundant ill 
Europe and India, liave long disappeared from both countries; 
and Africa has now a highly specialized character of itn own. 
The Malagasy subregion, including Madagas<.:Br and the ad- 
jacent islands, is peculiarly remarkable, and " appears to ioiii- 
cate a very ancient connection with the southern portion at 
vlfn'oa, before the apes, vvngul-Ates^ and felines had entcrod it" 



( Wallace, "Geogr. Distr.'M, p. 273). The insects of Marlagaacar, 
however, are closely allied to existing African species, and many 
i.f the most reniarkable, formerly supposed to be peculiar to the 
island. Lave since been received from Natal or Zanzibar. There 
is also a considerable resemblance between the Mascarene 
fauna, and that of distant parts of the world, in which connec- 
tion we may refer to the numerous traditions, previously men- 
tioned, of recent subsidences in various parts of the Indian 
Ocean. 

As a rule, competition is far more severe on continents than 
on islands; hence the great number of peculiar forms which 
survive in islands, though long superseded on continents, and it 
appears that according to this principle, the insects of Mada- 
j.'OBcar have become less strongly modified than those of the 
.\frican Continent, and therefore represent to some extebt a 
more ancient fauna, A remarkable case is afforded by two 
pairs of butterflies, inhabiting different parts of the world. One 
is FapUis Merope, a large black and white butterfly, with tails 
on the hind wings, found all over Tropical Africa, and varying 
wjDHiderably in different localities. The females are altogether 
imlike the male, being without a tail, and of a totally different 
shape and colour, resembling butterflies of other groups, which 
are protected from birds, &c., by their nauseous odour. But 
P. Merope is represented in Madagascar by P. Menones, the 
female of which only differs from the male in the presence of 
an additional black bar on the fore wings. The other example 
is tliat of A rgijunzB Niphe, a common Indian species, which is 
tawny, with black spots, and the female of which has the tips 
of the forewings broadly dusky, with a black bar acroBs them, 
giving it a great resemblance to Danaus Cki^alppus, a widely 
distributed insect, which is " mimicked " in the same way by 
the females of several other butterflies besides A. Niphe, even 
including one of the female varieties of Papilio Merope, 
already referred to. But the Australian representative of ^1. 
Niphe (A . incanntans), though differing so little from the male 
of A, Aipke that it was long considered to be no more than a 
slight local variety, has the sexes alike, the female having no 
white bar on the wings, although a small Danaiis (D. Petilia), 
closely allied to D. Chrysi^ypus, is also found in Australia. 

Turning to the Oriental Region, we find that North India is 
much richer in species than the south. This is partly owing to 
the greater variety of elevation (just as the southem peninsulas 
of Europe are poorer in species than the districts in which ths 
central ranges lie*), but not entirely, since many North Indian 

' AndnliiaU Bcnrcely produced mote apedea of butteriliea than Sv;«dea*i 
Aiulri», Swiiierlntid, or South France h«ve nearly twice aaimvnv. 
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species, not found in South India, reappear in tl 

peninsula and islands. The spread of Indian forms 

hag heen much checked by the position of the moimtain Tangat 

Where those are more open, as along the coast of China uid 

Japan, we find Indian fonns extending much further north, uul 

mingling with those which really belong to the FalKaictio 

Region. 

One of the most striking features in the Australian Regkn 
in recent times was the abundance of hu-ge wingless birds, iio« 
mostly extinct. Traditions, more or leas authentic, relating ^<^ 
the great birds of the remot« islands, are common in Oriental 
writers, who referred to them under the names of Rukh, Sew 
miirgli, Anka, &c. The rukh was said by Middle Age writtn 
to be found in Madagascar (donbtleaa referringtothc/fjjyomi* 
or its egg); but the Arabian writers always give the rukh the 
habits of an eagle or n vidtnre. The Arabs, we know, ext^ded 
their voyages at least aa far as Madagascar and the Ani 
Islands, and there ia no improbability in their having alw 
visited New Zealand, where 1 believe that remains of a gigantic 
bird of prey have recently Ijeen met with. The Arabs, uf 
course, were well acquainted with the ostrich, now the largest 
living bird ; hence, nothing but the great extinct birds could 
have given rise to the stories of the rukh. The Persians, leai 
acquainted with these distant countries than the Arabs, made « 
mythological bird of the Seemurgh, but there is little incredible 
in the Arabian accounts of the nikb, except its gigantic 
size. The Greek or German Griffin may have had a similtf 
origin." ' 

The Neotropical Region presents a great contrast to Afiioa, 
the other southern continent, for instead of a preponderance of 
large mammalia, we have here an enormous abimdance of soax 
of the smaller forms of life ; in some groups, a.3, for instanee 
butterflies, more than half of all the known species come &«■ 
Tropical America, 

The Nearctic Region, though somewhat poor in special fonw 
as compared with the Faliearotic, to which its affinities are w 
close that it could scarcely be separated as a distinct region, if 
we confined ourselves to isolated groups, yet possesses tie main' 
large mammalia as South America. The fauna of both NortB 
and South America was formerly much richer than at piweot; 
but the Glacial Period was as destructive in North America u 
in Europe. What caused the destruction of the large rpinp. |f;iilh 

" The Rukh, or Rw, M in onr old trsnaUtion of the •• Amlnaa Ni^li.' 
is only alluded to, so far aa we remember, in coimectioii with iU tfg ; tin 
eeit waa pKibablj that uf j£pyamit, and the bird mMmTaclnnd 
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in South America is less certainly known ; bat Africa is now 
the only region which is 8u£Sciently rich in the higher forms of 
life to lead us to suppose that it in any degree adequately re- 
presents the zoology of former times ; and it appears to have 
been exposed in a less degree than other countries to the agencies 
which have destroyed animal life to so great an extent else- 
where. 

In concluding this somewhat desultory article, we may re- 
mark that, contrary to the general idea, extreme heat seems to 
have a tendency to reduce the size of animals. The largest 
known animals are, or were, natives of cold countries; and 
most insects common to Europe or Japan, and India, are 
considerably smaller in the latter country. Even the tropical 
representatives of widely distributed genera are nearly always 
inferior in size and beauty to temperate forms. 




THE resolution of all fomiB of energy into heat, the 
passage of heat through solids, Uquids, and gases, and it» 
tendency to become equally diKtrlbutiMl tliroiigh all matter, tK 
now recognized as facts ; hence the inevitable concluaion thiit 
finally all siibstancea in the solar system, if not in the tmiven*'. 
will idtimutely arrive at one common tcmptrattire. Mecbanico! 
motion, electricity, chemical action, all other forms of eneriJ 
which at present are sources of beat, will bo completely exhauatpil- 
Man, by his use of machines, ik hastening thiK end of all things 
and this indeed by the production of low aa well as of h^ 
temperatures. 

Ad economical means of freezing water is a fruitful sotooe <i 
profit at the present time, for the maniifactiu^ of ice aervee not 
only the purpose of enhancing our bodily comfort in Kuranui, 
but also for rapidly cooling largo volumes of liquid, a8 in tlw 
operation of brewing and other industrial processes, and for the 
better preservation of animal food in seasons and climated which 
hasten putrefactive changes. 

The diflSculty experienced in freezing water is due to the v«y 
iai^ amount of heat it must lose, firstly, in being lowered to tin 
temperature of 32° F., and secondly in being changed from 
Uqoid water at 32° F, to solid ice at the same temperature. Tb< 
first quantity is called its specific heat, and the second is Hi 
latent heat. Thesie quantities are greater for water than for taj 
other substance, hence the cooling jMwer of ice is greater ftS 
any given temperature than that of any other body, and tin 
cooling power of water is greater than that of any gas or liqaid 
Faraday calculated that the heat absorbed during the convereioi 
of a cube of solid ice measuring three feet in the length of OW 
side, into liquid water without undergoing any rise of tempei 
ture, would require the combustion of a bushel of coal^ for 
artificial production. 

"ait from tbeae statements that, in order 
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mtity of heated air or water down to a moderate tempera- 
!, a large supply of water is the best medium, not only on 
lunt of its ahiiodance and cheapuewi, but because of its great 
ipaeity for heat. 

When any elastic fluid is compressed, it becomes hot, and if 

then be cooled down to its original temperature and be ex- 

ided, it 19 rendered as many degrees colder by its rarefaction 

it was heated by its condensation ; hence we have here a 

uns of producing low tempemtures. On the one hand we can 

ite tinder by the heat evolved in the compression of air in a 

B cylinder ; and by the exhaustion of air in a bell jar the 

iperature may be reduced so that the moisture it contains is 

osited as a mist. By the extremely rapid expansion of a 

liquefied gas when pressure is removed, or of a volatile liquid 

when its evaporation is hastened by mechanical means, we ol>- 

taia the most effective cooling powers. The familiar experiment 

of freezing water or mercury in a red-hot dish is effected by the 

I'Dormous expansion of Iiquefie<l sulphurous acid or of solidified 

(.-arbonic acid, which substances regain the heat they lost when 

undergoing the change of liquefaction or solidification. 

The production of intense cold by the rapid evaporation of 
ether projected in the form of a fine spray is a process which has 
been introduced with success into surgery by Dr. Kichardson, 
for the piirpona of producing a local insensibility to the pain 
caused by a knife or other instrmnent. 

By enclosing ether in an air-tight vessel, and drawing off the 
vapour as fast as it is generated, evaporation is greatly ac- 
celerated, while the ether may be condensed again for further 
use. The original apparatus of Harrison, which depended upon 
this principle, consisted of a multitubular boiler immersed in an 
uncongealable liquid such as brine ; an eihanat pump carried off 
the ether vapour which is rapidly formed at the expense of the 
warmth of the salt water. The reduction of temperature may 
reach 24° F., or what is commonly called 8° of frost. The ether 
was condensed by passing through a worm tube surrounded by 
a stream of cold water, and the chilled brine was made to cir- 
' ite round metallic vessels containing the water to be con- 

«d into ice. 

Many improvements have been made on this ether machine, 
1 one of the most complete methods of working is now in 
iration on a large scale on the premises of the MancJieater 
lent Ice Company. 

Messrs. Sidely and Mackay, of Liverpool, are the patentees 
the apparatus, the chief characteristics of which are its adapt- 
ability to the satisfying of large demands, its economical use 
of the cooling power of the ether vapour, and its capability of 
Mng ice in thick blocks. Not only are exhaust pumps used 
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for evaporating the ether in tlie refrigerator, but presaare is 
exerted to liquefy the ether in the conilenser. Both refrigerator 
and condenser are tubular vessels. Now, as the vapour pofiaes 
from the refrigersitor to be condensed by the pump, it. is made 
to pait with some of its chilliness either to ether going to the 
refrigerator, or to water about to be frozen ; and again in ita 
return passage to the refrigerator it is deprived of any oil which 
it may have acquired from the macltiuery. The whole of the 
cooling apparatus is below ground, and contained for the auM 
part in pits of cement or asphalte. The water ti> be frozen ia 
riui into metallic tanks, between the inner and outer surfaoes of 
which chilled brine at a temperature of 15° F,, or 17" below 
freezing point, L^ made to circulate, the metallic vessels being 
connected by stout vulcanized india-rubber tubing. The wator 
diu-ing freezing is kept in constant agitation, with two objects — 
first, to remove air, and so obtain clear ice ; and second, to 
equalize the temperature throughout, so as to prevent the water 
freezing on the suriace, as it ordinarily does on a pond. The 
ice is formed first round the aides of the cell, and gradually 
thickens till it closes up in the centre. The clearness of the 
ice is greatly increased by slow freezing, and to obtain this 
desirable condition the time allowed is from CO to 90 hours. 
Each block of ice measures 3^ feet broad by 4 feet long, and 
is 13 inches in thickness; the weight varies from sis to eevea 
hundredweight. A simple contrivance to facilitate the removal 
of the ice by a crane travelling on rails laid on beams ovw 
head, is a loop of rope which is frozen into each block. The 
ease with which, when placed on the ground, these large blocks 
can be slid about by the men is very advantageous. In ordtv 
to loosen the ice from the cells, brine at any temperature above 
32° F. is made to circulate in place of the frigorific liquid, and 
so greatly are the metallic vessels cooled that it requires a period 
of about an hour to loosen one of the blocks. 

The magnitude of the opei-ations is such that the enginn 
can be worked up lo lOO-horse power, and are capable of tufo- 
ing out 30 tons of ice per day. On the occasion of a t«ceat 
visit to this interesting factory there were 180 tons of ice in 
store, and some of the blocks were five weeks old. We have an 
apparent paradox in the fact that the combustion >'f one ton of 
coal in the furnace fires will produce eight tons of ice. 

In the last number • of the Pophlah Sciisncb Kkvirw it ma 
found necessary to refer to the researches of Faiaiiay and utben 
on the liquefaction of gases, and of Professor Andrews on Uk 
continuity of the liquid aud gaseous states of matter ; il is 
therefore of great interest to note how a purely HcieutiGc Cut 

• S«e " .UiDeml Cnvilie* ftnd their Contents." 
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can in a most unexpected way be made available for industrial 
purpcpses. No one could have imagined that tlie liquefaction of 
gases could prove of any practical benefit to mankind, but we 
now know that Buch is the case, since M. Carre's [immonia 
freezing machine depends upon the liquefaction of the gas by 
pressure, and its subsequent condensation in water after it has 
produced a low temperature by its evaporation. The operation 
is conducted without the appbcation of any mechanical power. 
A boUow conical condenser of iron has a space between its inner 
and outer surfaces, which is connected by a tube with a boiler 
containing ordinary Uquid ammonia; that is to say, a solution 
of about 700 volumes of ammoniacal gas in 1 volume of water. 
The conical condenser is immersed in a stream of cold water, 
while tbe boiler is heated over a fire or large gas-biyner to a 
temperature of 270° F. During this nperatii>n the ammo- 
□iacal gaa is expelled from the water, and is condensed by the 
pressure of ita own particles and the cooling action nf tbe 
stream of water. If now freah cold water be placed in the con- 
denser cone, and the heated boiler be cooled in water, the 
ammonia distils off at the expense of the heat in the water to 
be frozen, and finds its way back once more to the boiler, ready 
for another operation. 

I^eslie's famous experiment of causing water to be frozen by 

the rapid absorption of heat causei by its own evaporation has 

been modified by M. Carre, in such a manner that ice in small 

quantities, as, for instance, in water-botlles, may be made in a 

few minutes. The apparatus consists of an air-pump, to which 

the water-bottle is attached. As the handle of the pump is 

^^sorked and the air exhausted, a quantity of oil of vitriol is 

^Mgitated in a vessel, through which all aqueous vapour and air 

^^■nn the water-bottle must be drawn. The avidity with which 

^^Be oil of vitj'iol absorbs tbe vapour as fast as it is formed go 

hastens the evaporation that in a few minutes a bottle of ice is 

the result. 

Perhaps of all machines the one of most interest is that 
invented by JI. Kaoid I'ictet, of Geneva, the striking featiue 
in which is the employment of liquefied sulphurous acid a^ the 
absorbent of heat instead of ether. In all other machines there 
is a liability to a slight leakage, on account of the fact that the 
cylinder of the exhausting and condensing pump is kept air- 
tight to some extent by the lubricating material. Now as 
ether and all kinds of grease are solvents of each other, it 
is easy to account for a certain amount of escape, which will 
be difBcult to avoid, Liquefied sulphurous acid does not dis- 
solve to any considerable extent in oil, and when free from 
moisture is without action on metals ; and although it might 
be expected that tbe packing of the piston might in time be 
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acted on by sulphiiroUH acid, yet this danger has been entirely 
obviated by the use of raanu&ctured asbestos packing, which is 
now being greatly used for high-pressure steam-en ginea. 

When required to work in hot climates, the ice-malnog 
machines most generally in use are open to serious objectioni. 
and grave inconveniences are experienced in their constant 
employment. Thus ammoniacal machines work at a presinm 
of twenty atmospheres, with water at 80" F., and are thus 
liable to leakage, or even to the danger nf an explosion- 
Methylated ether-machines are open to the same objection, in 
addition to which there is a danger of fire when a leakage 
occurs, which unfits them for use at sea. 

Now, in the tise of suiphurous acid there is the great adTsn- 
tage that at 80° F. its tension does not exceed four atmo- 
spheres, while it may be liquefied at 25°, and its t«:Qsioa then i* 
only equal to the pressure of the atmosphere. It haa oo action 
upon metals when kept &ee from water ; and in order to obtaia 
it in a perfectly anhydrous condition, M. Pictet prepares it bv 
the action of heat on a mixture of oil of vitriol and sulphnr, 
the gas being dried by oil of vitriol. The condensing and 
refrigerating apparatus consists of tubular vessels similar fa> 
those employed with other liquids, such as ether. 

One of these machines is daily at work at the Chelsea Ice 
Rink, and is capable of making 40 tons of ice per day. Tbe- 
skating-floor, which is the invention of Mr. John Gamgee, i 
aists of a number of flattened metallic tubes placed side by sido 
on a bed of concrete or asphalte ; the interior of the tubes is 
kept filled with an uncongealabie mixture of glycerine and wat«ft 
which ia allowed to flow in from an elevated cistern. Clear ice 
is secured by coating the tubes with water spray, allowing this 
to freeze, and then sprinkling again. During last winter, tubeA 
of thin sheet-iron were laid on the floating bath on the Thame«, 
at Charing Ctobh, and a skating-floor was trozen. The tempe- 
rature of an ice-rink from its agreeable coolness has an exhila- 
rating and bracing influence, which dissipates the languor felt in 
a wai'm moist atmosphere. 

M. Pictet's machine has interest beyond that of any ordinaiT 
economical producer of ice, for, constructed as it is with all the 
philosophical thought and scientific knowledge which we uswdly 
find bestowed only on instruments of research, it has beno 
applied by its inventor to the purpose of establishing certain 
simple relations between the latent heat, molecular weight«, and 
tensions of the \'apour3 of volatile liquids. 

By the application of mathematical reasoning and the use iif 
kniiwn data, M. Pictet calcidat«s the latent heat of varivas 
liquids, and arrives at the following conclusions : — 
Jf ion is a constant quantity for all liquids. ^H 
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2. The derivate of the Napierian logarithm representing the- 
ratio between vapour-tension and temperature, is constant for 
all liquids, when they are compared under the same circum- 
stances of pressure and temperature. 

3. The latent heat of all liquids referred to one and the same 
pressure, multiplied by the molecular weight referred to a uni- 
form temperature, gives a constant product. 

4. For all liquids, the difference between the latent heat at 
any two temperatures, multiplied by the molecular weight, is a 
constant number. 

5. The latent heat of every liquid is a multiple of its specific 
heat. 

It would be entering too much into detail to give the method 
by which these very important conclusions have been arrived at, 
but it may be of interest to some readers to know that an article 
on the subject was published by M. Pictet in the last volume of 
the ^^ Philosophical Magazine.^' 




rcotnmeticing this discourEe the author said, WHiatever n 
terest or sigaiiicance the facts of vortex motion may htVS, 
is in no small degree owing to their having, as it vere, elnded 
the close mathematical search which has heen made for them, 
and to their having in the end heen discovered in a simple, not to 
8ay commonplace, manner. In the Royal Institution it is tbe 
custom to set forth the latest triumphs of mind over matter, 
the secrets last wre^t«d from nature b; gigantic efforts of reasOBt 
imagination, and the most skilful manipulation. For once, 
however, it would seem that the case is reversed, and that tbc 
triumph rests with nature, in having for so long concealed what 
haH heen so eagerly sought, and what la at last found to h»\e 
l»ecu BO thinly covered. 

The various motions which may he caused in a homogeneous 
fluid like water, present one of the most tempting tields for 
mathematical research. For not only are the conditions of tho 
simplest, but the student or philosopher has on all hands the 
object of his research, which, whether in the form of the Atlantic 
waves or of the eddies in bis teacup, constantly claims his atten- 
tion. And, besides this, the exigencies of our existence render 
a knowledge of these motions of the greatest value to as in 
overcoming the limitations to which our actions are othentiM 
subject. 

Accordingly we find that the stiidy of fluid motion fonned 
one of the very earliest branches of philosophy, and baa ever 
since held its place, no subject having occupied the attention of 
mathematicians more closely. The results have been, in < 
sense, very successful; most important methods of reasoaiiH 
have been developed — mathematical methods, which bavo helpN 
to reveal numberless truths in other departments of science, a 
have taught us many things about fluids which most certotnljr 
* A Iroture deliveted at the Rojal lostitutioii, FebroAT; 3, 187 7, ■BJ 
a of the ButboT. 
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we should not otherwise have found out, and of which we may 
some day find the application. But as regards the direct object 
in view, the revelation of the actual motion of dnids, the re- 
search has completely failed. And now tliat ^nerations of 
matbenaatieians have passed away, now that the mysteries of the 
motions of the heavenly bodies, of the earth itself, and almost 
of every piece of solid matter on the earth have been explained 
by mathematicians, the simplest problems of fluid motion are 
yet unsolved. 

If we draw a disc Hatwise through the water, we know by a 
process of unconscious geometrical reasoning that the water 
must move round the disc ; but by no known mathematical 
process could the motion be ascertained from the laws of motion. 
IE we draw the plate obliquely through the water we experience 
a greater pressure on the one side than on the other. Now this 
case, representing as it does the principle of action of the screw- 
propeller, is of the very highest importance to us ; and yet, 
great as has been the research, it has revealed no law by which 
we may in a given case calculate the resistance to be obtained, 
or indeed tell from elementary principles in what way the water 
moves to let the plate pass. Again, the determination of the 
resistance which solid bodies, such as ships, encounter is of such 
exceeding economic importance, that theory, as shipbuilders 
call it, baring failed to inform them what to expect, efi'orts have 
been, and are still being, made to ascertain the laws by direct 
experiment. Instances might be multiplied, but one other must 
sufEce. If we send a pufl' of fluid into other fluid we know that 
it will travel to a considerable distance, but the manner in which 
it will travel and the motion it will cause in the surrounding 
fluid, mathematics have not revealed to ua. 

Now the reasons why mathematicians have been thus baffled 
by the internal motions of fluids appear to be very simple. Of 
the internal motions of water or air we can see nothing. On 
drawing the disc through the water there is no evidence of the 
water being in motion at all, so that those who have tried to- 
explain these results have had no clue ; they have had not only 
» determine the degree and direction of the motion, hut aW 
■ character. 

But although the want of a clue to the character of the 
motion may explain why so little has l^een done, it is not so 
easy to understand how it is tliat no attempts were made to 
obtain such a clue. It would seem that a certain pride in 
mathematics has prevented those engage 1 1 in these investigationti 
from availing themselves of methods which might reflect on the 
infallibility of reason. 

Suggestions as to the means have been plentiful. In other 
^^ cases where it has ))een necessary to trace a particular portion 
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of matter in its waiideriiigB amongst other exai^tly Kimilur por- 
tions, ways have been found U> do it. It may be argued thai 
the infliiencea which deteriniDe the path of a. particular portion 
of water are slight, subtle, and uncertain, hut not so much so aa 
those which determine the path of a sheep. And yet thousands 
if sheep belonging to different owners have been from time im- 
memorial turned loose on the mountains, and although it pn^ 
bably never occurred to anyone to reason out the paths of bis 
particular sheep, they have been easily identified by the aid of 
3. little colour. And that the same plan might be pursued with 
fluids, every column of smoke has been evidence. 

But these hints appear to have l>een entirely neglected, and 
it was left for Nature herself when, as it were, fudly satisfied 
with having maintained her secret so long, and tired of tbrowmg 
<mt hints which were not taken, at last to divulge the sccrrt 
completely in the beautiful phenomenon of the smoke ring. 
last ; for the smoke ring is probably a phenomenon of 
times. The curls of smoke, as they ascend in an open spaoi^ 
present to the eye a hopeless entanglement ; and althot^h, 
when we know what to look for, we can see as it were imperfect 
rings in almost every smoke cloud, it is rarely that anything 
sufficiently definite is formed to attract attraotiou, or suggest 
:anything more important than an accident-d curl. The accideo- 
tal rings, when they are formed in a systematic manner, oome 
either from tlie mouth of a gun. the puff of a steam-engine, or 
the mouth of a smoker, none of which circumstincea existed in 
ancient times. 

Although, however, mathematicians can in no sense be said 
to have discovered the smoke ring, or the form of motion winch 
it reveals, they were undoubtedly the first to invest it with im- 
portance. Had not Professor Helmholta some twenty years ago 
called attention to the smoke ring by the beautiful matbemati- 
<ral explanation which he gave of its motion, it would in all 
probability still be regarded as a casual phenomenon, chiefly 
interesting from its beauty and rarity. Following close on 
Helmholtz came Sir William Thomson, who invested these Knga 
with a transcendental interest by his suggestion that they are the 
type after which the molecules of solid matter are constituted^ 

The next thing to enhance the interest which these rings 
excited, WHS Professor Tait's simple and perfect method " of pro- 

* The appnmlus cnnaUta of a cubicnl box like a t«aH:he»t, with a corcnUr 
lioln, six or ci(;bc tochesiD diameter, in its botlooi, uid ft cloth liniaely aailtil 
vrerthe top in pldceofa lid. The box is net on iu ead. TheluaMtt 
hydrochloric acid and ammoala are (tepanitel; introduced into the box, w^M 
they combinf and form a dense smoke, which is ejected fruiu Ihe ondM b; 
' ' ^ tbH rlnth. It appears that a aomewbat similar form of 
^it ' "'-raday, and baa long been known m a toy. — 0. R, 
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ducing Uiem at will, and thus rendering tliem subjects for 
tecture-room ezpeiiraenU. Considering that this meUiod vrill 
probably plaj a great part in perfecting our notions of fluid 
motion, U is an interesting question how Profefsor Tait came to 
bit upon it. There is only one of the accidental sources of 
these rings which bears even a faint resemblance to this box, 
and that is the month of a smoker as he produces these rings. 
This might have suggested the box to Profesi^or Tait. But since 
this supposition involves the ifssumption that Professor Tait 
sometimes indulges in a bad liabit, and as we all know that 
Professor Tait is an eminent mathematician, perhaps we ought 
rather to siippow that he was led to his discovery by some occidt 
process of reasoning which his modesty has hitherto kept htm 
from propounding. 

But however this may be, his discovery was a most important 
one, and by its means the study of the actual motion of these 
rings has been carried far beyond what would otherwise have been 
possible. 

But it has been for fheir own sake, and for such light as tbey 
might throw on the constitution of matter, that these rings were 
studied. The most important lesson which they were capable of 
teaching still remained imleamed. It does not appear to have 
occurred to anyone that they were evidence of a general form 
of fluid motion, or that tlie means by which these had been 
revealed, woidd reveal other forms of motion. 

There was, however, at least one exception, which will not be 
forgotten in this room : the use of smoke to show the effect of 
sound upon jets of air. 

Also, the late Mr, Henry Deacon, in 1871, Hhowed that minute 
vortex rings might be produced in water by projecting a drop of 
coloured water from a amall tube. And his experiment^, in 
spite of their small scale, excited considerable interest. 

Four years ago, being engaged in investigating the action of 
the screw -propeller, and being very much struck by the differ- 
ence between some of the results he obtained and what he had 
been led to expect, the author made use of colour to try and 
explain the anomalies, when he found that the vortex played a 
part in fluid motion which he had never dreamt of ; that, in 
fact, it was the key to almost all the problems of internal fluid 
motion. That these results were equally new to those who had 
considered the subject much more deeply than he had, did not 
occur to him until after some conversation with Mr. Froudeaud 
.Sir William Thomson. 

Having noticed that the action of the screw-propeller wan 
greatly aiFected when air was allowed to descend to the blades, 
he was trying what influence air would have on the action of a 
simple oblique vano, when a very singular phenomenon present 
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itself. The air, instead of risiDg in bubbles to tlie surface, 
tanked itself in two long horizontal columns behiad the vso«i. 
There was evidence of rotational motion about these air lino. 
It was evident, in fact, that tbey were the central lines of two 
systematic eddies. 

That there should be eddies was not surprising, but eddie* 
had always been looked upon as necessary evils wbich beMl 
Suid motion assources of disturbance, whereas here tbey appeared 
to be the very means of systematic motion. 

Here then was the explanation of the nature of the motion 
caused by the oblique i-ane, a cylindrical band of \ortii;« con- 
tinually produced at the front of the plato, and falling aw«y 
bebind it in an oblique direction. 

The recognition of the vortex action caused behind the oblique 
vane, suggested that there might be similar vortices behind a 
disc moving Batwise through the water, such as are the edditt 
caused by a teaspoon. 

There was one consideration, however, which at fintt seemed 
to render this improbable. It was obvious t^at the resisUnca 
of the oblique vane was caused in producing the vortices at tU 
forward part ; so that if a vortex were formed bebind a fist 
plate, as this vortex would remain permanently behind, and Dot 
have to be continually elongated, the resistance should dimimdi 
after the plate was once set in motion ; whereas experience ap- 
peared to show that this was by no means t)ie tuise. Itappeartd 
probable, therefore, that from some disturbing cause the vuitei 
would not form, or would only form imperfectly, behind tlie 
plate. 

This view was strengthened when, on trying the resistanoe of 
a flat plate, it did not appear to dimiDisb ^tcr the plale had 
been started. 

Accidentally, however, it was found that if the float to wbidi 
tbe plate was attached was started suddenly and then released, 
the float and plate would move on apparently witliout any re- 
sistance. And more than this, for if the float were suddenly 
arrested and released, it would take up its motion again, tbav- 
ing that it was tbe water behind that was carrying it on. 

There was evidence therefore of a vortex behind the disc Id 
the hope of rendering this motion visible, coloured water w»* 
injected in tbe neighbourhood of the disc, and then a beautifiil 
vortex ring, exactly resembling the smoke ring, was seen lo fonn 
behind the disc. If the float were released in time, this ring 
would carry the disc on with it ; but if the speed of t]ie dlK 
were maintained uniform, the ring gradually iliopped bdiiwi 
and broke up. Here then was another part played by the vortot 
previously undreamt of. 

That the vortex takes a systematic part in almost evirry fonn 
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^niaid motion was now evident. Any irregular solid moving jl 
Vnongh the water must from its angles send off lines of vortices 9 
Buch as those behind the oblique vane. As we move about we I 
must be continually causing vortex rings and cortex bands ia I 
the air. Most of these will probably be irregular, and re- J 
semble more the curls in a smoke cloud than systematic rings. 
But from our mouths as we talk we must produce numberless 
rings. 

One way in which rings are produced in perhaps as great 
numbers as from our mouths ia by drops falling into the sea. 
If we colour the surface of a glass vessel full of water, and then 
let drops fall into it, rings are produced, which descend some- 
times as much as two or three feet. J 
But the most striking rings are those produced in water, in a I 
manner similar to that in which th*^ smoke rings are produced, I 
using coloured water instead of smoky air. I 
These rings are much more definite than smoke rings, and I 
although they cannot move with higher velocities, since that ofil 
the smoke ring is imlimited, the speed at which they move ib 1 
much more surprising. I 
In the air we are accustomed to see objects in rapid motion, J 
and BO far as our own notions are concerned, we are unaware of I 
any resistance ; but it is quite otherwise in water. Every I 
swimmer knows what resistance water offers to his motions, so 1 
that when we see these rings flash through the wat«r we cannot ' 
but be surprised. Yet a still more striking spectacle may be 
shown, if. Instead of coloured water, a few bubbles of air be in- 
jected into the box from which the puff is sent ; a beautiful 
ring of air is seen to shoot along through the wat^^r, showing, 
like the lines of air behind the oblique vane, little or no ten- 
dency to rise to the snrfece, 

Such is the ease with which these vortex rings in wat«r move, 
and so slight is the disturbance which they cause in tlie water 
behind them, as to lead to the conclusion that they experience ' 
no resistance whatever, except perhaps a little caused by slight 
irregularities in their construction. Their velocity gra^lually 
diminishes ; but this would appear to be accounted for by thflir j 
growth in size, for they are thus continually taking up fresh 
water into their constitution, with which they have to sbara , 
their velocity. Careful experiments have confirmed iJiis view. 
It is found that the force of the blow they will strike is nearly 
independent of the distance of the object struck from the 
orifice. 

The discovery of the ring behind the disc afforded the oppor- 
tunity of observing the characteristics of these rings much 
^tetter than was afforded by the smoke rings ; and also suggested 
Koto which had previously been overlooked. The manner of . 
^BnW 8BBIBS, VOL. I. — NO. III. V M 
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motion of the water which formed ihe ring and of the 
ing water was very clearly seen, tt was at once seen that the 
visible ring, wbether of coloured water or air, was mexcly Uw 
central lise of the vortex ; that it was surrounded by a mass 
of moving water, bearing somewhat the same proportirai to 
the visible ring as a ball made by wrapping string (in and oot) 
round a curtain ring imtll the aperture was entirely filled npt 
The disc, when it was there, formed the front of tbia ball o» 
spheroid of water, but the rest of the surfoce of the ball had 
nothing to separate it- from the surrounding water but its own 
integrity. Yet when the motion was very steady the sur&ce of 
the ball was definite, and the entire moving mass might be 
rendered visible by colom-. The water witldn the boll was eveij- 
where gyrating round the central ring, as if the coils of striog 
were each spinning round the ciu^in ring as an axis, the water 
moving forwards through the interior of the ring and backwards 
round the outside, the velocity of gyration gradually diminish- 
ing as the distance from the central ring is increased. 

The way in which the water moves to lot the ball pa» can 
also be seen, either by streaking the water with colour or sus- 
pending small balls in it. In moving to get out of the w»y 
and let the ball of wat«r pass, the surrounding water partakes 
as it were of the gyrating motion of the water within the boR, 
the particles moving in a horse-shoe fashion, so that at the 
actual surface of the ball the motion of the water outside u 
identical with that within, and there is no rubbing at the 
surface, and consequently no friction. 

The maintenance of the shape of the moving mass of water 
against the unefjual pressme of the surrounding water as it b 
pushed out of the way is what renders the internal gyratoiy 
motion essential to a mass of fluid moving through a tluid. The 
centrifugal force of this gyratory motion is what balances the 
excess of pres^^ure of the siurounding water in the &oQt uul 
rear of the ball, compared with what it is at tiie sides. 

It is impossible to have a ring in whiih the gyratory tnottoB 
is great, and the velocity of progression slow. As the one motion 
dies out so does the other ; and any attempt to accelerate tlw 
velocity of the ring by urging forward the disc, invuiiUj 
destroyed it- 

The striking ease with which the vortex ring, or the disc with 
the voriex ring behind it, moves through the water, naUtrallj 
raised the question as to why a solid should experience naSt- 
ance. Could it be that there was something in the pariictdsr 
spheroidal shape of these bails of water which alluwiil them to 
move freely ? To try this, a solid of the same sLa]>^ ak Uio fluiil 
li.'ill was constructed and Seated att«r the same manner a* the 
ii But when this was set in motion, it stoppt^ directly— 4t 
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^uld uot move at all. What was the cause of this reeiatance ? 
were two objects of the same shape and weight, the one of 
which moved freely through the water, and the other expe- 
rienced very great resistance ? The only difference was in the 
nature of the surface. As already explained, there is no friction 
at the surface of the water, whereas there must be &iction 
between the water and the solid. But it could be easily shown 
that the resistance of the solid is much greater than what is 
accounted for by its surface friction or skin resistance. The 
only other respect in which these two surfaces differ is that the 
one is flexible, while the other is rigid, and this seems to be the 
cause of the difference in resistance. 

If ribbons be attached to the edge of the disc, these ribbons 
will envelope the ball of water which follows it, presenting a 
surface which may be much greater than that of the solid ; and 
yet this, being a flexible surface, the resistance of the disc with 
the vortex behind it is not very much greater than it would be 
witliout the ribbons — nothing to be compared to that of the 
solid. 

Colouring the water behind the solid shows, that instead of 
passing through the water without disturbing it, there is very 
great disturbance in its wake. An interesting question is as to 
whether this disturbance originates with the motion of the soHd, 
or only after the solid is in motion. This is settled by colouring 
the wat«r immediately in front of the solid before it is started. 
Then on starting it the colour is seen to spread out in a film 
entirely over the surface of the solid, at first without the least 
disturbance, but this follows almost immediately. 

Among the most striking features of the vortex rings, is their 
apparent elasticity. When disturbed they not only recover 
their shape, but vibrate about their mean position like an 
elastic solid. So much so, as to lead Sir William Thomson to _ 
the idea that the elasticity of solid matter must be due to its 
being composed of vortex rings. 

But apart from such considerations, this vibration is int 
ing as showing that the only form of ring which can progress 
steadily is the circular. Two parallel bauds, such as those 
which follow the oblique vane, could progress if they were infi- 
nitely long, but if not, they must be continually destroyed from 
the ends. Those which follow the oblique vane are continually 
dying out at one end, and being formed again at the other. 

If an oval ring be formed behind an oval plate, the more 
sharply curved parts travel faster than the flatter parts ; and 
hence, unless the plate be removed, the ring breaks up. It is 
possible, however, to withdraw the plate, so as to leave the oval 
ring, which proceeds wrigjjling along, each portion moving in a 
direction perpendicular to that in which it is curved, and with 
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a velocity proportional to the sharpness of the carvatare. So 
that not only does the ring continually change its shape, but 
one part is continually feJling behind, and then overtaking the 
other. 

These are some of the forms of fluid motion which imagina- 
tion or reason had failed to show us, but which have been 
revealed by the simple process of colouring the water. 

Now that we can see what we are about, mathematics can be 
most usefully applied ; and it is expected that when these fact<; 
come to be considered by those best able to do so, the theory of 
fluid motion will be placed on the same footing as the other 
branches of applied mechanics. 
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FIELD GEOLOGY.* 

OF the manj elementary trefttisft 
gicsl atiident, scarcel; aaj tr 
field, i>t if so, oqIj in a verj ({enetal way. The '■ How to Obaerve," by 
De 1b Beche, rand the " Guide du Gfologue-Voyaf^ur," by A. Bou^, coDtun 
many TBlunble euggeBtions beariajr on the subject, and may stilt be con* 
suited with advantage. A good practical work has been long a deuderatum, 
and this is to a great eitent supplied by the " Field Geology " of Mr. 
Penning. 

'What to observe, how to observe, and how to record observations in the 
field, are important porta of geological study ; and all theoretical knowledge 
derived from hand-books by the student of geology, should if posidble be 
supplemented, aa in the medical curriculum, by clinical instruction and 
observation at the l>edaide. For one of the real objects of inquiiy in the 
field is to understand, when examining a section in a quarry or a seorclifi', 
the nature of the various beds, and the conditions under which they were 
accumulated. In these respects the chapters on Lilhology and Paleontology 
(chaps, iii. and iv.) will be of service, although the latter chapter might 
be corrected and improved ; a dry list of foSi^ils, without a knowledge of 
tbeii bearings, being of little use. 

The chapters devoted to geological mapping and sections form an im- 
portsjit part of the book, as these ace essential elements in understanding 
the structure of a country. The opemtions and the means of carrying them 
out are clearly given by the author, and are accompanied by tables and plans 
which render the text clearer, especially as regards the drawing of l>ouudary 
lines, a practical matter of considerable importance, instrucUon in which has 
been somewhat neglected. 

With this view the author first describes the necessary instrumenla used 
in field-surveying, and then proceeds in a very systematic and detailed 
manner to show their applications, and the methods by which the tracing of 
geological boundaries is effected and the construction of horizontal s< 
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SorTace of the grouud aloag tliQ Ime of eucli EectioD is not accuntelj 
represented. 

The lael two chapters contaia (1) the practical appllcatioii of geolc^ictl 
auiveying, inrolving the methods and operntioDB daactihed in th« preeedisg 
pages, and (2) the way in trbich geulugical knowledge aad Kasoning majr 
be turned to account with rcgnrd to the auppl; of wftter and the origtii and 
character of soila, 

Tbe book is a useful addition to geological literature, and no MioMt 
student of tbe science should fail to consult it, and carry out in the field lb* 
instructionB contained in its pages, which the author bos rendered ns eonds* 
as posahle, in order to faciliiata tbe acquirement of n knowledge of field 
geologj, and to embodj in a small compasi practical directiona and 
suggestions which are to be found only here and there in more importaol 



THE GERM-TIIEORY OF DISEASE." 

rE author of tbis rery ingenious book explains contagioo and tbe ooi 
of fevers by tbe theory of special g^rms being introduced from wiUi 
into the body. " Tbe theory is, that many diseaeea are due to 
and propagation id tbe system of animal organisms bating no part or All* 
in itfl normal economy. This it is, and no more. It is essential t» be clear 
on this point { for the opponents of the germ-theory, and, to some extent, ite 
advocates also, have introduced into the discussion of that theory tbe qn**- 
tions of the source and mode of origin of these organbms — a oomplleatiaB 
which has tended to hamper men's miods and to divert ntteiition from the 
real subject of discuseion^Ar eompelence of yrrmn to jmxhee llu phtnomtita 
of dixage." Tbe morbific agent propagated in and given ofl'from the bodiM 
of the sick — a contngium — may gain entrance into other bodies through ths 
lunga or the alimentary mucous surface. This is an organic body too Hnill 
to be Been except through the agency of tbe electric beam, and which pro- 
pagatea in tbe blood and acts as a parante. The shiver of fever is produced 
by a sudden and enormous development of the germs, and the non-elimim- 
tioD of urea to their demanding nitrogen. Just as micrococci ar« vtaEble in 
the tissues afiected by diphtheria, so those infinitely small germs do C4]tun- 
tent mischief. We must hope for some new treutment which will tettla 
these germs, and until that is discovered we must be in the same eondilka 
as we were in our beliefs thir^ yearn ago, when Southwood Smith decidld 
that fever was from want of oxygen, and because salt made the rever-blood 
red and arterial-louking, salted, and sometimes cured hia patients. Asa 
matter of fact, did not Sir Henry If utland elaborate the germ'theorj ihirt; 
years agop 

Tbe book is well worth reading, and is sufficiently free Grom prareeaoiitl 
technicalities, so that it may be read by tho public with advantage. 



* " Tbe Oerm-Thcory Applied to the Explanation of the PhenoiMna tt 
Disease. The SpeoiHo Fevers." By T. Maclagan, H.D. 8to. " " 
MacmiUsn. \it7j. 



FOSSIL CRUSTACEA,* 

PERHAPS no mora slrikiog exunple of the UBerulii«8a of the procesa of 
takiDg stock Id scieatadc matteis could veij well be ndduced tliiui the 
"Catalogue of firilUh FiMsil Crustacea" just prrpured by Mr. Henry 
Woodward, and published by the Tcusieea of the IJritUli Sluatum. Little 
more than twenty years ago, when Profeasor Morris brought out the second 
edition ofhi^ admirable " Cntidogue of British Fossils," hn reeunled only 
300 species of cruataceftns. The advance in this department nt paliBoulo* 
logy ba^ since been so great that Mr. Woodward con dow cumber no fewer 
than S>70 distinct species, besides 72 mimed varieties. The number has 
thus been considerably more than trebled in twenty years, and when we 
remember that for the most part the additions have been mnde spuradically, 
that is to say, by scattered descriptions and notices in a great number of 
booki and papers, it will easily be seen that Hr. Woodward has a strong 
claim upon the gratitude of all students of palEOontology for the labour he 
has undergone in producing his present work. And this labour is by no 
moans small; the catalogue contains not only a clasutied enumeration of 
the known British crustacenn fosaila, with particulars of the formations and 
localities in which they occur, but also a full synonymy of both genera and 
species, Mr. AVoodward is st well known as a careful and conscientious 
student of the fossil remuns of this class of animals, that it is almost un- 
nece'ssory to say that his work is thoroughly well done, and will prove a 
most valuable aid to nil future investigators. 

The study of the fossil Crustacea presents msny points of high in- 
terest. They are, ns Mr. Woodward well iiidicates, among the very oldest 
of undoubted organic remains. Lenving the Lanrenliaa Eitzoon out of the 
question, as still of somewhat uncertain nature, the Lower Cambrian de- 
posits of the St. David's district of South Wales have furnished various geolo- 
gists, and especially Mr. Henry Hicks, with a series of fossils among which 
crustaceans occupy the very tirst rank, nnt only as regards their number 
when compared with the fossil organisms of other groups, but also as present- 
ing a complexity of organization which would seem to indicate that even 
at that remote period of the earth's history they must have had already a 
long >ieries of predecessors, Trilobites, soma of them of large size and vety 
complex structure, can hardly be regarded as representing the earliest rea- 
lization even of the crustHCeuu type ; and their occurrence so low down in 
the series of stiatitied rocks may serve as an encouragement to geologists to 
search elsewhere in deposits of still greater antiquity for traces of the dawn 
of life. 

Starting from this point the Crustacea go on through the whole series of 
fosfiiliferous deposits, acquiring a greater and greater variety of form and 
o:^{uiizalion as they advance towards the present day. Of the thirteen 
orders into which Mr. WoodwHrd divides the class, only two have become 

* " A Catalogue of British Fossil Crusloeea, with their synonyms and 
Ibe range in time of each genus and order.'' By Henry Woodward, F.K.S., 
F.O.S, 8vo. Printed by order of the TrustBea of the British Museum. 
ilAudon. 1877. 



I 

I 



extinct, namelj, the TiibliiU and the Eurjpteridit, which nrecoofiDed to tbe 
Palteozoic formations ; of three other orders, the Clndocera, the Copepodi, 
and the singulor parRaiticKbiiocephala,Dofoaiil representativee ateknowni 
but from the Jurassic epoch onwards, all the ruat of the oTd«n sppen ta 
be more or leis abundnntly represented. Of the parasitic forma, mum rf 
which are among the most interesting of oiisting cnutacea, one can acvodj 
expect any traces to be preserved, but even of these there are indioationt of 
the BiiBtence of one species of Bopyrui, paiasitic under the cai«pac« of a 
crab, in the Cambridge Green-sand. Of several other groupa, the vnmbef 
of known foaai! repreHeutatives is hut small when compnred witli th* 
abundance of forms living at the present day, and in some cneej thia cas 
hardly be due to the easy destructibilif; of the animals, wiiich ia mi- 
doubtedly the cause of the di^Mippearance of the pamaites. Manj hithulo 
unknown forms belonging to these groups will probably reword the labonn 
of zealous searchers among the rocka ; and to all who may endeaTour U> £0 
up the gaps in our kuuwledge, either by the discovery of new forma at b; 
making us better acqaaiated with the structure and characters of thoM 
numerous species which are still but imperfectly kno'Kn, Mr. Woodward'l 
catalogue will be an invaluable boon. 



THE STEA5I ENGINE,' 

THOSE who wish to understand the theory and action of the 
engine, but can bring to bear upon the subject acarcely more mtlic- 
matics than ordinary arithmetic, will no doubt be grateful to Mr. NortbeoM 
for the trouble he has token to simplify the subject. After n alcDder dcateh 
of the history of the engine, he discusses briefly such questions as the for- 
mation of coal, the origin of force, and the nature of combustion. Aj le 
the thermal values of different forma of fuel, their behaviour in the fiimaoe, 
luid the best conditions for transferring heat from the furnace h> the bdlec, 
these ore subjecis so important to everyone who uses a sleam-engiBi 
that we are glad to see them discussed with some fulness. The teado 
muat not expect to find in this work a description of the constructive detail* 
of the various forms of bteam- engine, but nevertheless the author deecribte 
the action of the mechanism, and compares the varioue forms of engine wib 
respect to their efficiency. Several indicator-dingmms are givon. and t^ 
plained at some length. The work also contains »ome useful tables, wtnch 
have evidently cost the author much labour in their compilation. Te 
render the subject intelligible to the practical engineer was Ur. Nottheottli 
principal object, but at the same time he baa aimed at securing prcdjjoa. 
Anyone who does not feel equal to facing such works as those of Itanlnat 
may dip with profit into Air. Norlhcott'a volume. 



' " The Theory and Action of the Sleiim Engine, for Practical UcD." 
By W. H. Mortbcotl, C.E., &c. iya. Loudon: CaawU, FcUer ti OalfiD. 
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MEASURING MACHINES.* 

T is kardl; too much U sny tlitLt Ih« fovei of produdng true surfacea lies 
Kt the bottom of aUmaclii&ecoiiBtruction. W'bea Watt lirflt constructed 



his steAin-eogine one of his great difficultiea counted in mailing the piston 
fit true to tie cylinder. Such eilreine precision has, howcTer, since been 
obtidiied that we are now able to detect the difference of Bt in two pialons 
^ougli thej may not differ by more than tbo ton-tbousandth of an inch 
in diameter. This great advance in the construction of machinery of pred- 
(don is due mainly tu the eieitiona and ingenuity of Sir Joseph Whitworth, 
who has spared no puns to effect iniproTementa in this direction, Hia steel 
"surface-plates" are indeed the nearest approach to absolutely true planes 
which human ingeouily baa ret contrived . So true, in fact, are these siufacea 
that if a piece of gold-leaf be rubbed between them it entirely disnppearB, its 
molecules bein^ forced into the porea of the ateel. Sir Joseph's standard 
gauges are likewise maivels of mechanical skill. Professors Goodeve and 
Shelley have therefore rendered no small aertice to students of mechanics 
by putting befr>ro them clear deacriptiona of these instruments of preciaon, 
but above all by describing the beautiful meaBuriog machine with which 
the name of Whitworth will always be asaociated. 

lliere are two ways in which minute linear magnitudes may be gauged ; 
one being the old method of measurement by means of the micrometer 
and microscope ; the other being the method of " end measurement," which 
relies upon truth of surface and delicacy of touch. The latter ia the prin- 
ciple on which the Whitworth machine is based. At first sight it may seem 
sb^nge that minute differences of magnitude should be more readily detected 
by the sense of feeling than by the eye aided by the microscope. Yet Sir 
J. Whitworth has shown beyond doubt that this is tbe case. 'Workmen in 
securing a good mechanical (it usually depend on touch, and the " feeling 
piece " attached to the Whitworth machine can he mauipulated with 
extreme delicacy. 

It must be remembered that Sir Joseph's measuring machine is not 
intended ao much for measuring the actual length of a bar as for determining 
Tery minute differences in the lengths of specially prepared bars; hence it 
is peculiarly adapted for multiplying copies of standards of length. For 
nse in the workshop a Whitworlb machine is constructed to indicate a diiiar- 
ence of one ten -thousandth of an inch ; but the great triumph is the far more 
delicate instrument by which a difference of a millionth ol an inch may be 
detected. Tn understand the construction of this beautiful instrument the 
reader must refer to the series of pktea attached to the work of Professors 
Goodeve and Shelley. 



• The Whitworth Measuring Machine, including Descriptions of the 
Surface Plates, Gauges, and other Measuring Ina^ments made by Sit 
Joeeph Whitworth, Bart, &c. By T. M. Goodeve, M. A., &c., and C. P. B. 
Shelley, C.E., Se. With four plates and 44 woodouta. 8vo, London: 
Longmans, 1877. 
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niut reg-nrd aa more or 1«« natuBkl 
;li us with FuitaiiiahiDg Toluminan^ 
e the liberttlilj of the Govoranuoli 



Foremost nmong them we muE^t notice the Bulletin* of thul woDdufol 
inatitutioQ the "Geological nod Geo^Hphical Siirver of the TerritMW* 
which, under the guidance of its chief, Dr. F. V. Harden, haa done 4 
raucli good work in mnking known the structure aud procfuetioni i>f tbmt 
fnivweelern regions which not many yeara ago formed almost a fvM 
incuipHia. Of tbia moat admirable repertory we hnre recetTed the SMOol 
and third numbers of Vol. UI., the first having unfortunaielj not n*eW 
m. Number 2, a stout part of 340 pages, is exclusively dpvoted to Ik* 
description of the species of certain groups of Arthropodo, coUccted dnriqg 
the surTejing expeditions into the Western Territories, it ctmiaius a Icnf 
paper on " Western Diptera." by Baron Osten Sscken ; a report by Dr. P. B. 
Uhler on the inaactti collected by him in 1875, with deacriptious ol' HemiptHi 
collected by Dr. Packard ; and descriptions of spiders from Colorado, 1^ H. 
T. Thoreil. In the second of these papers Dr. Uhler iDtroilucea « M 
moQOgrapbic treatment of two families of Hemiptera, the CydnidSD and Ibl 
SaldidK, which will he of much use to students, but liere and tn ottar 
partfl of his paper we regret to see what appears to bo n reckleas multlptlM- 
tion of generic groups. It must be confeased, indued, that Dr. Uhler tut ■ 
suffident number of companions to keep him in countenance in his luiqB- 
ties, but we cannot but feel that the true comprehension 'if the relatiaoi 
of organisms will be rather retnrded than forwarded by thi» luuilyticil pn^ 
cesa which is carried on by nearly all the loologlsts of our day, the aceepw* 
notion being apparently tbiit wherever a slight didereace can be indiOKtod 
generic name must be imposed. M. Thorell's paper relates solely to the tn 
spiders of the Colorado district, of which he describes a good mUJ M* 
species. 

The contents of Number 3 are of a more niiecfUiuieoua nature. 
ethnologist will Ktir) acomparatiTB vocabulary of the dialects of the Ini 
of Utah, which is followed by a short note on the methotlB of malring tttw 
weapons, illustrated with a plate. Dr. A. C. Penle notices soma pscd" 
eruptive "igneous and yet non-volcnuic" mountain mnssee in Colorado, 
which he hangs ceitnin considerations oa to the geological htsiorjoftt* 
district. I'rofessor Cope contributes a report on the Judith River fotmatin 
and on vertebrate fossils obtained by him from it and from other depodts «a 
and near the Missouri, in which he describes many roplilian remiiini ; wbiU 
Dr. C. A. White desciibes the Unionet nod other freshwater mollutca col- 
lected by Professor Cope, and also some from the tertiaries of Wyomioj; lai 
Utah, gives a catalogue of the known invertebrate fosula from the Emb aW 
bmcliish water deposits of Western North America, ooinparea die N<fA 



* Bulletin of the United States Geological lUid UeoftnphJcaJ 8 
the Territories, vol. iii. Nob. 2 and 3, 8to. Washington. 1877. - 



K&tnericaii Meiozoic and Cffinozoic Unionid^ and associnted molIuacB with 
fbing species, and discusses the palneontolug]' of the snine formatioDS in the 
^■Meo River reg^oo. 

^Bnie zoological papers are not nunieroua.butwhatthereareAre of consider- 
^Be iuteKal. Dr.'Clliott Coue:^ contributes somenotes on the North American 
^^taaaofuueclivurouainamiiuiU,whIoh appear to be preliminary to a complete 
^Knograph of the group, the North American species of which, although not 
^■^rous and belnngiog to oaly two fiiniilies, have already been the subjects 
^Heotuidarable dirersit; of opinion. Mr. C. A. H. McCauley's notes on the 
^■Utliologj of the region about the source of the Red Biver of Texas, which 
^M HiDOtated by Dr. Elliott Coues, are also an important contribution. 
^■ndiM furnishing a list of the bird^ in habit ants of an uut-of'the-waj locality, 
^Hj give a good deal of infonnation upon the habits of the species observed. 
^■cMalogue of the land and freshwater sbells of Nebninka by Dr, Aughey, 
^Bfcsmidable list for a single State, and a report by Mr. A, D. Wilson on 
^Hp geographical work of the Surrey, conclude the 3rd number of this 
^KUetin for 1877. 

^BAnother publication under the auspices of the Surrey of the Territories is 
^Ht Bulletin of the Entomological Commissiou,* two parts of which have 
^Mcbed ua. Both these pamphlets are devoted to the consideration of that 
^■tible Hoourge of the western farmer, the Rocky-Mountain locust {Caiop- 
^■p* ^rtttit) whose ravages appear to be extending further and further 
^^K with each succeeding year. The second part contains an admirable 
^Mmmt of the natural history of this pest, illustrated with a map showiug 
^H| extent of country infested by it ; the first part deals solely with the 
^BUiimIb to be adopted for destroying the young, or, as our American cousins 
^^th tbeir usual fondness for idiomatic expressione prefer to call them, 
" unfledired " locusts. The Entomological Commission consists of MM. 
Riley, Packard, and C. Thomas, 

Other Government publications that we have received, are Professor 
Newcomb's '■ Investigation of Corrections to Hansen's Tables of the Moon," 
forming PortS of papers published by the U.S. Transit of \'enuB Commission, 
on investigation undertaken for the purpose of enabling the lon^ntudes of 
the observalion-elations to be accurately determined ; and the Tiilume of 
Aatranomical and Meteorological OhBervations for 1674,+ published in the 
preisent year. The last-named volume carries its own description with it ; 
but we may notice that besides the ordinary tables of the results of obser- 
vations, it contains an appendix giving a most interesting description of the 
astronomical instruments in the Observator}* (one of them being amagnidcent 
Ji-l-tnch equaturial). illustrated with heliotype representations of the ditlerent 
instruments, and also a second appendix on the difference of longitude 
between Washington and Ogden, Utah. 

The Seventh Annual Report of the Massachusetts State Board of Health,] 

Parte 1 & 2. 



* Bulletin of the United States Eotomolojiical Cut; 
8to. Washington. 1877. 

t " Astronomical and Meteorological Observations mado during the 

B-Ai 1874 Bt the United States Naval Obaervatory." Reor-Admiral C. H. 
aviv, Superintendent. 4to. Washington. 1877. 

t " Seventh Annual Report of the Slate Board of Health of Massa- 
L.^UBettB. Jnnunrr, 1876." Bvo. Boston. 1870. 



is a stout Tolume of o50 pages, with numerous platet and folding inapt u 
plans. The moit important portion of its contents condata of reportsoa ti 
pollution of rivere and the disposal of sewage, que^lions which are alntdf 
forcing themaelves on the inhabitaotB of the older States nlmost at 
pleasantly as upon ourselves. These reports are very elaburat«, and m 
compariaooH are made with the stato of things prST ailing on thU ddo oftliie 
walor. Some sanitary hints, and especially a treatise on defecla in ho 
drainage by Mr. E. S. Philbrick, are also of interest. 

We have still to notice the publications uf the Smitbaoninn InttiluUiio, 
which, as usual, are of great value. The Beport for 1B76,* the laat tJist lu 
reached us, contains as UHual an elaborate statement of the doings of tldi 
most admirable body, with nn Rppondix in which, besides scvi^al truali- 
tionsaud reprintta, we find some original me moi» of considerable importtac^ 
chiefly on anthropological subjects. Mr. U. Oillmnn has a curious pipK 
on " Certain Characteristics pertaining to Ancient Man in Michigan," 
which be records the very frequent occurrence of perforated bamuri in t 
mounda on the Detroit and Rouge rivers, this peculiar fiirmtttion being met 
with in about 50 per cent of the number found. It is remarkablij an btinf 
associate with platycnemism. Mr. Oilloinn al^o dtsoribes and SguM 
several examples of artificially perforated skulls fiora the mounds of At 
same region. A very long and elaborate paper, by Dr. C . C. Abbott, tr 
of the remains of the stone age in Kew Jersey, and is illustrated by upvwit 
of 300 figures of atone implemenia, advancing iionl Tudely-c hipped bflM 
to those of more careful construction, ground and even engtared. ~ 
objects include some tobacco-plpea of stone, and pottery uf ra 

Two parts of the Sajithsooian U<)ntributions,t published in 1S76, alao K> 
back over this antiquarian ground, which, nltbough as couipantd witk ^ 
archwologyof the old world, it may be in part comparatively mndMii, ll 
certainly to a considerable extent prehistoric so far as Ajuerics il DOB* 
cerned. Dr. Joseph Jones gives a munt interesting account of hii SI* 
plorations of the aboriginal remains of Tennessee, the bnrinl caves, SI 
graves, mounds and earthworks, and ibe numerous objects obtained &ia 
them. Many of the latter are very curious end interesting. ]>r, Jinrt 
finds that the crania of tbe stone-grave and mound'buildingrace of TciinnM 
belong to the Tolfecan division of American nations, agreeing mutt 
with those of the Inca Peruvians and the Toltecs of Mexico. Thty li 
usually been altered by pnisure. Many of tbeso cnmis aleo bear a tuUnV 
resemblance to those of the Natchel, nod hence lit. Jones infers that t[ 
aborigines of Tennessee were probably descended from the Tolleca^ a 
related to tbe Natchex, and endeavours from an examination uf histnlad 
documents relating to the early knowledge of this part of Ani«(ia^ *> 
ascertain what may have been the history of these extinct poopl*. Bt 
Qotos that the mode of burial in stone coffins or cists adopted It; H 



* ''Annual Jleport of the Board of Itegouls of the Smithsonian liia<>- 
tution, for tbe yew 1875." 8vo. Washington. 1870, 

t " Suiitlisouton Contributions to Knowladge." Nos. SEO ai 
WasUiopt-" 1878. 



differs from that practieed by any othvt North American tribe ; further, 
Ihoy were idolaters, and the phyBiognomy of many of their idols more or 
le« reeemblea that of some of the Toltec idols. Botb the beaddresseH and 
phyuognomy of some of the idols are suggestive of an Eastern or Chinese 
OTigJD. Their conaection nith Central AmericH and the Gulf of Mexico is 
indicated by the presence of numerous Urpe eea-shelU in the mounds, by 
j liie repreaentntioii of Central American birds and animals on their pipes and 
culinary vessels, and by their making U9e of ob.udian, fluor-spar, and ser- 
IMntine for constructive purposes. 

The description of the " Archtoulogical Collection of the United States 
National Museum," by Sir. Charles Ran, which forms the second part of 
the Smilhflonian Contributions for 1876, is a most important contribution to 
the knowledge of American archteotogy. Implements, weapons, and orna- 
ments, articles of stone, clay, metal, wood, shell, bone, and boro, are most 
carefully described and profusely iilustraled, so that the book will form an 
esccUent treatise of reference for all future students. 



ELEMENTARY PHYSICS.* 

NO branch of ncience is more popular than that which we used to call 
Natural Philosophy, and which most people now-a-days call Phyacs. 
Nor in this to be wondered at. For the forces of nature, though unseen 
themselves, are constantly manifest in their effects upon the world of matter 
■round us ; and a person endowed with ordinary curiosity must needs be 
anxious to learn somethin*,'' about such phenomena as those of gravitation, 
beat, light, and electricity. For imparting a sound knowledge of physics, 
we can barilly point to any better elementary work than the well-known 
Treatise of 1 leschanel, which has been much improved by Profeesor Everett 
in the Eng-li^h translation. But this beautifully-illustrated work is perhaps 
a little U)o elaborate for the beginner, and hence the translator and publisher 
have thought fit to bring out an introductory text-book, dealing with similar 
subjects. The result is the excellent little work now in our hands. What 
should, and what should not, be introduced into such a work is, of course, 
in largQ measure a matter of individual opinion ; but Professor Everett, as a 
teachwr of long experience, has in moat cases exercised great judgment in the 
•election of bis materials. The wisdom of his discretion is seen in the way 
in which he avoids details, whilst dwelling on general principles ; not cram- 
ming the beginner with a multitude of facts, but rather teaching him to con- 
nect o few great facts together. It need hardly be eaid that the most modern 
views are everywhere introduced, and that Professor Everett has taken an 
early opportunity of employing the modem G. G. S, syi^tem of units ; that is 
to say, the Centimetre, the Gramme, and the Second are taken as the 
unita respectively of length, mass, and time. A Dipie is the new name for 
the khA of/orci; a dyne is therefore that force which, acting upon a mua 
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of one gniome, producer & lelocity of one c«attiiMtre per ^■'■■■■n it AfOB, 
the term Erg ia aaed to deuote the mat of vark, or the work doo* bj^kltai 
of one djTie acting- through & diitauce of one centimetn-. Bsfot* hvnm 
the Tolume, it should be remarked that eachsvctioo U aMumposM bf aiM 
of well^chosen problems. Altogether the work is admirablj adapted to At 
wantB of teachera who renllj desire to give their Btndeata • loUd g,iiiwl 
work in the priuciplea of phjeical science. 



PHYSICS OF THE ETHER.* 

IN tbi« work an attack is made with considembia encigj on two ginN^ 
which unfortunntel; are but straw-etuSkl — the allied theories, ai tk« 
nnthor calls them, of " action at a distaace " and " potential en^i)^." Ai 
ft mero matter of fact, Hdentilic men do not even uae the words '' BCtiaB U 
a distance " as the title of anj theorj ; and what Ihej understand ia ■' poleo- 
Ijal energy " is not hj an; m^ana what our author suppoaea. Newtog't 
gT»Tity,'which our author supposes to be an example of force assumed to 
act at a distance, '' without the intervention of material or phjucul af^'eacj* 
was not BO undeistood bj Newton himself, who ma; be prusumed to hstt 
known what ha meant by it. He distinctly pronounced the idc« b- 
CoDceiTablo, that a body can sCt on another, or through a Tocnum, with- 
out the intervention of anything elsu by or through which tlie foreu ma? b 
conveyed from one to another. Towards the close of bis " Priccipit," ht 
Mya : " We have explained the phenomena of the heavens, and of oat H«, 
by the power of gravity, but have not yet assipned the cause of the pomr.* 
And then, after showing what may certtiinly he inferred respecliag gnti^, 
he proceeds, " I have not hitherto been able to discover the cauM of lisii 
properties of gravity from phenomena, and I frtani no hypotheses." Ow 
hypothesis only did he actually conuder, the hypothesis namely of adiia 
at a distance, but only to reject it, as one wbicb no one could for a moufiot 
entertain " who has in philosophical matters a competent faculty of tUolt- 
iag." So, too, of electricity. Our author is quite mistaken in BUppatDf 
that it ia regarded by men of science as acting at a distance in his seua 
of the words. Nor agdn are either gravity or electricity supposed le Mt 
with iuUnite rapidity. Mr. Preston says, "if we take the case of an sledto- 
mafmet and A piece of iron, then, when the electro-magnet b suddenly |nt 
in the magnetic condition by the electric curreal, it ia assumed is lanA 
ancD with the theory of action at a distance that the agency by whieh tU 
distant piece of iron is put in motion requires no time b> pass fnin tim 
magnet to the iron." Nothing of the sort is assumed. No refereoesit 
made to the time required in this cose, any more than in iprakiogoft 
luminous object at a abort distance we mention the time which the lifU 
Tuqiilros to travel from it to the eye, for the time is piKctiraily evanawani: 
but it is no mora regarded as tibeoltitely evonejcenl in the case of mtgMik 
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kttiacdoa tbao tn the oue of light, where it is known certiunly not to be 
eTaneecent. All we aseert of gravity ia that ita action cerUinly travels with 
t velocity BnormoUBlj eiceeding- that uf light. Thia is known from phe- 
DomeDa. What it« Telodt; is we have no mennB of determining, dmply 
because the mouous of the heuvenlj bodies show m yet no signa of the 
finiteiiess of tbe velocity with which the nction of gravity t« transmitted. 
This velocity is therefore practically infinite, that is, it is infinila in the 
sune sense in which the velocity of light is infinite in ordinary terrestxiul 
Dbservations. 

" Potential energy " is an ezpreesion really belonging to modem science : 
but it is not what Mr. Preston suppoEes, It ii in one eense a form of energy 
depending on positioni precisely as the tension of an elaetic string connectjug 
two bodies depends on the position of the bodies; hut it can no more be 
•aid to depend on position only than can the tension of such a string. We do 
not know what it actually depends on besides position, for we do not 
know bow gravity is caused ; and we do know what the teu^^iii of the 
atring depends on, for we can see and examine ihe string. That is the 
chief disdnctiou between the two cases. No man of science, no one in fact 
" with a competent faculty of thinking," has ever supposed thnt in one case 
more than in the other jnere diflerence of position was a form of energy. 

It will be manifest from what we have said about Mr. Preston's work, 
that whatever value his own ideas respecting the ether may have, his cor- 
rections of the views he supposes to be accepted by men of science have no 
value whatever. He eays " the present work is the result of much thought 
and careful study." He may have given much thought tu it, but can scarcely 
have studied his subject very carefully. It b hordly to be e!tpecl«d that 
in a matter of such transcendent difficulty as be has selected for the subject 
of refli:«ction, much can be accomplished without the most thorough invoati- 
gation of at least all the verified phenomena, and no slight study of the re* 
searches and thougbta of the leading men of science who have dealt with 
the matter. We have seen how very little Mr. Preston appears to know 
about the theories of men of science. As to observed phenomena, his know- 
ledge is very uneijual. In' some cases the facts he depends upon are cor- 
rectly stated, in others they are doubtful, in others they are absolutely in- 
correct. As an instance of the last-named kind, we find at p. ISO the state- 
ment that the rate of transmission of electricity in materials of tlie greatest 
diverHity is appreciably uniform — a circunistanco which electricians will be a 
d deal surprised to learn, 
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to Mr. Preston's work than its intrinsic value 
ideas which he entertauis respecting the 
CO about gravity, electricity, potential energy, and so 
It is worth while to indicate, even at soma expendi- 
renlly entertained by men of sdeuce on this subject. 



VIS INERTI.E IN AlE .iND OCEAN'." 

ItiTR. JORDAN'S last two woiks afford mel&Dctiolj eridence of thafitmIT 
uL of porodoxism. In Tolume vii. we had occasion, now Bome 
years dace, to discuss his Vis laerlia, " s book nicelj bound, well pi 
on good paper, nbounding ia maps, diagrtLms, nnd charts, jet — ^wliat Stenu 
would have called hobb;-hordcaL" Ntne years have DOt BulGced to thi* 
him how utterly without foundation ia hia system of the world, for lib 
every true parsdosiEt, he proposes to run his hobby-horse full tilt at liw 
centre of nil things ; and in th" later of the two works now in our Yitail, 
announces his " System of the World," price one guinea. The boais of Ui 
system is easily explained. The solid earth turning on its axis from « 
to east leaves the water somewhat behind, which therefore haaanbt 
motion towards the west. Hence the great equalorial curroDta. Thi ail 
left still more in the lurch, and tbua has a westerly motion, eren teluinilf 
to the water. Ilence the trade winds. The pUoets nenrest the sun I 
like manner left behind in coniwquence af tii inertiir. Hence they ia nst 
complete n circuit in the aame time as the sun rotates. The remoter pli 
are left behind in greater degree, and hence the planetarir- periodi gtom 
longer and longer as the diatances from the sun increase. 

A reviewer unfamiliar with the ways of paradoiiats miiibt hope to li 
cate the error underlying this reasonio);. For instance, he mif^t hope 
explain that even supposing that a solid earth could be set rotating witUt 
B fluid envelope at test, this, which would at firat lasr, mint eveniuaUy «- 
quire the rotational movement in full degree, since otherwise an inC 
effect would necriie from a finite cause ; vix., nevec-cenaini; frictioD fronik* 
original rotational impulse. And again, he might hope to show that yiitt 
Mr. Jordan colls aalral gravitation could not alTect the iluid envelop* with- 
out aSectiDg in equnl degree the solid mass withiiL Auunitng him topH' 
seas the benevolence of a De Morgan, a reviewer might endeavour, CTH 
without hope, to explain a few of the elementary laws of phyiici to llli 
Jordan. We possess, honever. neither hope to set a pnradoiist ligbli 9t 
infinite benevolence. Mr. Jordan's answer to luiy attempt to abow thalki 
does not rightly understand the laws of phydcs would siinply bo, as la Ut 
preface to "The Winda," " I rightly apprehend the fundument«l prind^ 
of physics to be wrong." One point only do vre care to controvert ~ 
represents himself ea in controversy with Dr. Carpenter and ProfcMor Hndiy 
respectiDg his theory of dm inerliie. It ia barely conceivable tliat a p^«I </ 
Mr. Jordan's, read before the Geographical Society, was there and ibiB 
replied to by Huxley. But we do not believe that there has heta tBI 
aubecquent controversy with Mr. Jordan ; and we are quite certain that of 
dincuaaion of his theory would be the most complete waste uf timo. IS* 
amount of reasoning would convince Mr. Jordan of its absurdity ; nor a 
we conceive it possible that any besides himself has tie least laitit b iL 



• "The Winds and their Story of the World," and '■ R'-aiarkan Ik* 
recent Oceanic Eiplorationa and the current-creating actinn <A ti» im 
m the Ocean." Both by W. L. Jordan, F.R.G.S. dvo. Lnodou: E 
wicko and Bogue. 187". 
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ilj, if there are anj- such, reaaonin)^ would be thrown aw&r upon them, 

thn/ would need would be to studj tho dementary lawa of physics 

and patience for a few yenra, after which no reasoDtng would be 

Bat no one ocquaintod with the ways of paradoriats would think 

lending such a course to Mr. Jardim himself. 



PHYSIOLOGICAL ESTHETICS.' 

El object of this work is to " elucidate physiologiccilly the nature of our 

Hsthetic feelings," to releg^to the emotioDal lo a purely physical 

3 eiplain our cooceptioos of beauty relatively to pleasurable 

i painful feelings — the natural result of the action of an organism which 

* a highly complex, but not absolutely perfect self-regulating machine " — 

adng the mjaterious attributea of consciouaneas." The author, a man 

Bmuch culture, writing in an admirable style, dedicates his book to " the 

t of living philosophers, Herbert Spencer'' (by pennisaian). In- 

mced by the tone and faAhion of his master, Mr. Alien, a moat enthu- 

c disciple, fortunately writes clearly and nerTOusly, and is often good 

o place the somewhat involTed language of the great philosopher 

■ plain and comprehensible English. He looks upon Herbert Spencer as 

'it regards Sir William Thomson, and like htm adds polish and facility of 

o his " great one." Well instructed in the dominant physiology of 

I day, perfectly ati fait with the modem development of the theory of 

B conaervatiou of energy, and no mean student of art, the author has 

xlnced n book which is most readable and instructive ; and doubtless as 

aining to the school to which he beloDgs as it ia exasperating to those 

o think that there ia inspiration in art and in the idea of beauty. As 

wbert Spencer believes that in the progressing course of human modifi- 

D onder natural selection, sin will cease to be — so it follows from Mr. 

n that as years toll on, and a kind of art-pangenesis prevails and over- 

, the idea of the beautiful will become more fully evolved; and 

poetry, the drama, p«nting and sculpture will transcend modem description. 

Following up the same evolutionary notion, we must be impressed that 

iwly women will cease to be, and that by the time that the globe and the 

antrerse are to disappear in the Tyndallian ariuv, phydcal, moral, Intel- 

toctnal, and aaathetical perfection will have been arrived at Et puii f 

The author, wishing to examine the sesthetic feelings, and believing 
them to be intermediate between the bodily senses and the higher emotions, 
connects them with a physiological law of pleasure and pain. The feelings 
■loosed in man by the beautiful in nature and human art are his subject 
matter, and he insists on their bearing a deGnite relation to pleasure and 
pain, and then of course to physical nervous change, Pain he decides to 
arise from severance, disruption, and disintegration of absolute nerve tissue ; 
and pleasing to be " the concomitant of the healthy action of any or all of 
the OTgana or members supplied with different cerebro-spinal nerves to aii 
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"Physiological jSsthetics." By George Allen, B.A. 8vo, London: 
Henry 3. King &. Co. 1877. 
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FOFULAB 

extaU not eroardiny Ike ordviary poweri of rtparation pottttrd by tAe 
or course it is sUted thai plisuuie and pun are Uie refi«xof tbe 
state of the nerves, and that punful sensations mity in their etrlier 
be pleasurable and viee vgrta. Moreover, oatuml selection inTolre* : 
" wbateveT is prejudicial or beneficial to the orgsnism as a wholii 
generally painful or pletsonble reepectivel; to the separate organs whid 
is likal; to affect. The healthy nutrition of our organs, if not teliered 
functional actiTilj ; (and the same ma; be said of the tjasnes and 
leads to s teodencj to eserdse the superabundant energy ii 
when " we simildrly exercise our eyes or eaia, the resulting pli 
an Ksthetic feeling." So ''the eeetheticfJly beautiFiil is that wl 
the maximum of stimuktioa with the minimum of fatigue « 
processes not directly connected with the viial functioait. The 
ugly is that which conspicuously fails to do »o, which givee little 
tioD, or makes eicessiTe and wasteful demuids upon certain portions of Ik 
o^rans. fint sa iu either case the emotional element ia weak, it ia msitlj 
recognized only as an intellectual disciiminatiin. And no we gt<t tha ids* ij 
the esthetic feeling as something noble and elevated, bccaiop they an oat 
distinctly traceable to any Ufv-serving function,'' The autli^r has a cspilsl 
chapter on taste, which he sums np with a very ptTtinent joke: " Whilsil 
is true that de gvttibw non at duputaniiuin, it is eminently untrue tint 
' there's no accounting for tastes.' " .-Esthetic education and ihe total rfiO 
of the aesthetic environmeot on liapptneas, ate treated ably, and then tie 
author passes on to the conridenttioo of the lower seuaes in the concrete— 
taste, smell, feeling — and then those of higher import are noticed — Heviig 
and seeing. A chapter on mental pleasures and pains is followed by ont ob 
the «mulative arts and poetry. In treating of die influence of riirthn 
and sound in the enjoyment of poetry, the author notices bow Miltm ud 
Tennyson achieve much success in ''metrical technique ;" and he renurlo 
npon the influence of a change of the constituent part of a fixed m«C» is 

asserting the idea of imitation in the poet's work, quoting Tennyson 

"The long brook foiling through the cloven ravine. 
In cntaract after cataract to the *ea." 
The work concludes with a practical answer to the question wUeb tantt 
have arisen in the mind of every reader of this work : " Where, it will he 
asked, in such a system is there room for genius P If poetry consist* of 
such epecial combinations of such special elements, why cannot any maa nl 
down and write a great poem ? " The author gires an admirable reply. 



MACHINE DESIGN.' 

ARBITItARY rules tor the construction of machines are to be pidud op 
in the drawing-office of almost any mechanical engineer. A WDrii Ml 
machine design might, indeed, be easily compiled by stringing ti^vthtt • 

* "The Element* of Machine Deaip: an Intnyluction to the Princtiilw 
which determine Ihe Arrangement and Proportion of the Parts of MaehlDM 
and a Collection of Hules for Machine DeeigB," By W, Cawthons Ul """■ 
B.Sc, &,e. London : Longmans. 1877. ^ 
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. Limber of these empiricfil dicta, ■with just sufficient explonntory ni«tter to 
-ture cohesion. Ptofeaaor Unwjn, however, as might have been expected, 
lak^ a much more Infty view of his subject, and while giving a. collection 
of rules needful in the -workshop, spates no ptdns to expose the theoretical 
upect of machine conetruetion, Belween the man who works bj mere rule 
of thumb nud the man who follows scientific principles, there la of course all 
the difference in the world. As long aa the same type of machine is being 
ConsLnicted, the old rules serve their purpose well enough ; but let new 
materials or uew forms of construction be introduced, and the mere "prac- 
tical man " finds himself immediately at sea. It aurelj needs no mean 
amount of scientific knowledge to determine how the parts of a complex 
mficlune should be duly proportioned, so as to best resist the action of forces 
acting both &om within and from without. Machine design has indeed 
been ntised to the rank of a ecieuce, mainly by Iledtenbacher ; and in the 
work befoie us Professor Unwin has given an excellent compendium of the 
•cience in its present state. 

Evidence of labour conscientiously spent in the preparation of this work 
is unquestionably stamped upon its pages. While the author clearly 
explains the art of machine design, he takes care also to explain the prin- 
ctples on which the art is based; aud aa a necessary consequence of this 
treatment his pages bristle with fomiulie. Yet they are not in any wise 
formidable, and will present no difficulty to a student of ordinary intelli- 
gence. Scientific men might, perhaps, wish to sea the metrical system of 
units introduced, hut the old system here emplnyed recommends itself by 
being familiar in all workshops, The work forms one of Messrs. Longmans' 
aeries of " Text'Books of Science," and falls well within the original sim of 
the series — that of providing especially for the needs of candidates for 

^^HnrURKINO with a lathe is so popular an amusement that Mr. Hobson's 
^^•' little book will, no doubt, be welcome to many an amateur. It gives 
tis, in very plaia language, a good deal of information about lathes and 
latbe-lools, drilling and planing machines, vices and other appendages to 
tlie bench ; and it even touches upon the subject of brass-founding. As we 
read bow to do this or that bit of work, we feel that we are being taught 
by one who has really handled the tools, and takes enthusiastic interest in 
his subject Anyone attending to Mr. Hobson's teaching ought certainly to 
be able to construct for himself a model ot a steam-engine; and, what is 
more than can he said of all home-made en^es, when constructed it would 
probably work. 



THE AMATEUR MECHANIC* 



also Examples of different kinds of Work, with full Descriptions and 
" By Arthur H. O. Hobson. London ; Longmans. Itj77. 
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SffOJiT SOTWES. 



MMthrootnt and ToaddooU.' — We hare iWTer jet koasn « 
fbngi who did not ttj to pennade bU aoqnatntance* to eat ib« ntjcctaof U> 
Mad;; and Mr. Worthii^rioo Smiih ia no exccfitum to th« rnfe. A* U» 
little book liaa readied a tliiid editim, wa maj hope Uui* he Im* fcwj 
wuDeroTU pttMsljUw ; and ve can cafialjt Rcoautwnd it at af«id« iMt dOlf M 
intending agaricopkagisti, if each a term be admiadUa, but alvi to ill «^ 
deran in conntry places trbo wi«h to learn eometliii^ Jioat tb« 
planbi of which it treats Mr. Smith notJMs and fifoiM 
conunoD 4pedeft I'f edible maihrootns. and tbiitj-^ne poueaoiM 

WMow Gardemnff.y — Mr. Molli«on bM produced aa exovdiaglj 
ittle maniul for tbe guidance of nil who dnire to «dora ib#ii 
(growing ptanta. He deccribes the mnnagmient of planle in potv, window* 
boxea, and hanging frsinea ; the different eoiwtructioD* of tb««« artidetbart 
adapted for tarioai purposes, the uranfremmt and managentrttt a[ Warfin 
CMCH, ond tbe more ambitious window cnnBerratories ; nnlice« tb« belt 
plants for cultivation nndft larious circa metaocee, nnd even dancamdi bm 
tbe balconj to the nrea, and ^vea directions for it.^ adornment in a ttjia 
which oU);hl to earn him the gratitude of those worth; pe')plt> of irtON 
(lirtatioDA it ix popuUrlr snppoeed to be the scene. The littln wnrV la i]li»> 
trated with coloured (ilatet and numerotis woodcat«. 

77k! Slortt Alphabrt.\ — "Ce n'eat que lo premier pas qui coflte" b t&t 
mottn of the ADonnnous antbor of a Tery little pamphlet which propose* to 
taaeb anyone the Morse alphabet in half an hour. This flnt atep, at cnj 
rate, only costs fourjirnce. The idea is to represent tbe dots and dashes «f 
tbe Morse alphabi-l hy the Fvllablee of words, the initia] letter of whid 
shall be tbe one r^|jrt'scated bj tbe comhinatton. Tbua "a^ust" tv(m- 
•ents tbe wliich stands for A, Tbe author has bren ntbrr 






s lind suitable words, and in several cases he hns not been fi 



cesaful, as may he understood from the fact that he has b«°n conip«llHl (o 
mnke syllable's thott or long according as ibeir Towel b ibllowml b; ont tf 
two consooanla, without regard to pronunciation. 
The Cnrhon /Voc*" i— It is »iiid that Michael Angelo, in obedicnet l» 



between Kdible and Poimnons Fungi." By WoHhin(rton G. Smith, F.L.3. 
Thiid Edition, small 8vo. Ivmdon : Hardwicke 4 tt>gue. IsTfl. 

t " Tbe now I'nictical Window Gardener ; being Tractical Dir*Vtiou ftr 
tbo Oultivnlion of Flowering and Foliage Plants in Winilcw. and nbuil 
Cnae^ nnd the Arranpemenl of riBUta and Flower* for the Embellishinnt 
of the Il'iusebold." Itj Jt'hn It- Mollison. Small Svri. London: Otooni- 
bridirn ft Sons, 1877. 

I "How to I.oMn tbo Morse Alphabet in Half an Hour." Dy the Aolb« 
of I' International rommunicalion by Means of Numbew." StoaD Sfo. 
London : IC. M«rlViro..Hh & Co. 187fi. 

{ "pio Koble-Thruck uml ileswn Anw^ndunji hpim Vei:gTii««eni»»-V« 
fubrcn, iicb»t finrr Notli iihcr PliotomiliwgTspbie." Von Dr. I'atil E. Liu i 
ganf. Fiinfte Auflsgc. Diisseldorf: TTiot. Arcbiv. Berlio: T. CrMlxn. 
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Ls coumand or Fietro da Hedici, was tt one time compelled to mould 
llue in snow. Atl in peiiibaUe m«t«riftl ia always a th'm^' to sigh over, 

even if a pbot<^rBph be not in every sense a work of art, it is never- 
,esa painful to see the beautiful sun-pictures «lowlj fade away. Per- 
lence ia wbm tbe pbotngrapbeT long struggled aft«r, and wbat be at last 
ired by ibe cacbon proceas. Of all tbe cbemical elements carbon is 
iBp« tbe moist stable : nnd tbe ink witb which these lines are printed, 
iDj{ carbon for iu basis, is well-nigh imperishable. Various pr'>cef«e8 
e beeu introduced to the photogrnpher for printing his pictures in media 
talning carbon, tbe germ of tbeae processes being fotmd in the temark&ble 
ct of solar light on bichromate of pottvh in solution of gelatine. All tbe 
:tieal details of carbon-printing are clearl)* given b; Dr. Liewgang in 

neat little work before us, which forms one of the " BiblloUiek fiir 
)togT8pben.'' We find, of course, a description of the author's method 
iroduciog enlarged carbon prints from email negatives. The work also 
tains much information on tbe production of permanent phologiapbs for 

magic lantern from small objects viewed under the microscope. So 
:h attention is cow paid in Oeraiany to the maj^c-lanlsm as a means of 
niific instructioD, that a journal eutitled the " Ijaterna Magicn," edited 
Di. Lii'segang, is now regularly issued at Diisseldorf. 

>r. Tijadatti Ektirieity.' — To administer doses of sdence to joveniles 
le for their Chrislmna holidays is a task more difficult and delicate than 
le people may be willing to concede. IJr. Tyndall, however, is nngu- 
j> succesSiAil in this work, and always contrives with rare tact to gild the 
otitic pill. The lectures on electricity in tbe work before us are admir- 
) examples of tbe way in which experimental science may be effectively 
tanted to boys and girls. All the experiments are infteniously devised 
niexpensively carried out. In fact the special feature of the work con- 
tin diowing how tbe leading principles of statical electricity may be 
lODStiaied witb simple apparatus of very homely type. Apples, potatoes, 
E, straws, tin-foU, ^lass tumblers— such are the familiar objects with 
ich the greater number of the experiments are performed. It is often 
wted that physical science cannot betiiught iu schools in consequence of 
expense of apparatus. Whilst admitting that there is something in this 
^OD, it certainly loses half its force on a perusal of these lectures. In- 
d, almost evety thing used in the experiments here described may be bad 
fttive-pound note. And surely no school could object to »o small an 
I course of lectures on electricity. 



^LBSannsin Electricity at the Royal Institution, 1875.6." By John 
iril, LL.D., D.C.L., F.K.S. London : Longmans. 1876. 
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SCIENTIFIC SUMMARY.! 



ASTRONOMY. 

yt/ HAT are the Kehula ? — A paper by Mf, Slone hta recently lew 
commuoicated to t)ie Rriysl Society, in whicL Le actually litueim 
Huggins'a diECovery of the bright line Bpectmiu of certain nebuliB tlie tbeoff 
that tlieae ore c1u8t«rs of stars and not gaseous unuse.i. Bia rtMuoningi* 
remarkable. ''The sun is known to be auRounded by a gtiseoiu entelow 
of Tery considerable extent. Siojilu envelopes must surround the stM* 
generidly. Conceive a close stellar cluster. Each star, if isolated, wouU 
be surrounded by its own gaseous envelope. The»e gmeous onTelopt* 
might, in the cb8« of a. cluster, form over (lie wholr^, or a part nf the cltutOi 
a contjnuous mass of gas. So long as aucb a cluster was within a oertain 
distance from us the Ught from the stellar moasea would predominate enr 
that of the gaseous envelopes. The spectrum would therefore be an urdiouj 
stellar spectoum. Suppose such a cluster to be removed further uid furttnt 
from US ; the light from each star would be diminished in the proportion of 
tbe inverse square of the distance; but such would not be the cam with 
the light from the euveioping surface formed by the gaseous envelopea. Tit* 
light from this envelope, received on a slit in the focus of an ot^ect>glM^ 
would be sen^bly constant, because the contributing area would be inowMd 
in the same proportion that the light from each pott is diuinislied. Tlu 
result would be that at some defiuite distance, and nil greater diitanccs, tli* 
preponderating light received from such a cluster would he derived ftom 
the gaseous envelopes and not from the isolated jtellar miuses. Hi; 
spectrum of the cluster vrould therefore become a linear one, like iW 
from the gaseous surroundings ofour own sun." It seems hardly cn.'dikle tb*t 
u former lirst assistant at Greenwich and a luathematiciiui of Mr. Stoas'* 
acknowledged power should reason in this wise. As shown in 1870, bj 
3ffr. Proctor, in a paper on reaolvability as s test of distance (" Mon^ 
Notices of the Roy. Asir. Soc."to1. xxti.), an irresolvable star-duster would 
retain its intrinsic brightness unchanged, however its distance varied, v 
long as it continued irresolvable. For as the stars (seporatoly undiiotn- 
ible) became funter with distance, the area over which Ihuy would tt 
scattered would become emaller, and in the !ame degree. Dr. Rug^a* 
has thought it iiere^ary to reply in Mr. Stonn'fl paper I "'Wniviojc tk* 
objections which may be urged against filr. t^touu'a reosoinlng," he cOD^dcM 
the reaulta of observation. He points out (1) that ibent are not fuusdi* 
fpectnt of diiTereni nebuVn: l\\« &iSet«ii£«!i oC ceUlive brigblncM of ih 




^t lines and c 

otbefds; (2) the iini il*iWi jtd ■ 
liT^Mt tdeacopea do not give, na Uaflf . B ^«nm «f feq^ B 
<S) tbe same bright lines app »M to to tummaa to ■■ AsB^d 
give B. brijjbt-Une spectram, whcMM ok Si. St^mT* fcyyiaMiv ' 
of constitution of the . ' ' 

be probable. Towarda the dbm of U* Mflf, Jh. I 
objection we hayp above c 
strongly indsted upon by ] 
Stone's paper waa read. 

Suppotition that SntliglU em 
the euppoAition that the brightaw of •■ trHMtraUa MaOiv dmtn tarn W 
diminished b j distance, i* the belief that mpitt mj am^a^amam ■■figfct 
(oi other light from a luniiiKnia dlK a 

denied. It is iingular that tbi* — "T^t AnrH hare Wi^ UIh BMBly 
the preeent ftist a«siataat at Gnenwieh abaiHt at tfe a ~ 
fint aMistant enunciated the theot; when* i 
leraus to be here dealt with, had bma nad hdon the Ajinaaaned Sncialj, 
(ug^eiting thnt Venoa baa a metaDie aofaca Md » wl iieB— ataMfhtfe, 
Referring to this paper, though of couae rej«etfag ifae iftilfic avfiMe md 
glaai envelope, Mr. Christie pointed mit thai a miner larfaoa and aa alao- 
spbere capable of interior »pecular reBectka, or the fint alooe with aa 
otdioaiy refractive atmoepbere, wonld ex^ain the lact (1) that the an «f 
light Been round Venus in trannt is brighter than the Mm itadt Oddfy 
enough a reply was made ta this to the effect that a mattvr m&n was not 
needed for the purpose, but that ordinarjr re&aetioo in the atmotphan cf 
Venus would ver; much condense the tun's light, bj co tup re M iig the whota 
disc of tbe sun into a fine arc of light around the oater limb of the planet. 
In point of fact, it is utterlj imponaible to eondenae light in this or any 
other way. As Mr. Proctor has shown, in a paper r«<ad before the June 
meeting of the Astronomical Society, by whatever proceas the breadth of 
the luiuinuus surface is dinunished (i.e. tbe axes of pencils proceeding from 
different parts of it brought nearer to parallelism ), by tbe same process and 
to the same degree, tbe pencils themselves are made more divergent; thua 
a given portion uf tbe retina receires pencils of light from a wider area of 
the sun's surface, but the quantity of light received from each pencil b in 
tbe some degree diminished. Tbe arc of light seen round Venus was 
nmply brighter than the neighbouring part of tbe sun's disc, because that 
light came from the whole uf the sun, end the central part of the sun's diso ^ 
is brighter tbnn the part near tbe edge. 

Dutance* of the SCai's. — Mr. Stone, Astronomer-Royal at Cape Town, hal 
gone over a portion of tbe evidence relative to the distribution of the fixod 
stars with respect to distance. It is singular that a matter so well-worn 
should still attract tbe attention of aatronomers, moro espocinlly of olHolal 
BJlronomers, whose duties in reality have no rttlatioii to suob quostlons, " It 
mny have bei'n abown," snjs Mr. Stone, referring to Mr. Proctor'a rolMUclloa, 
"that anme astronomera have attnched undue importance to the nil marl ual 
accuracy of the results obtained by W. Struva ; but I cannot ounridor that 
^to average distribution of st«rs according to apparent IriKlitiiwui lio* beoii^ 
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or indeed ever will he, diepioved. I do oot know tbst there u much trartlir 
in my Tiewa," &c. And then he proceeds to go over the old ground, i 
nearly nlong the old course, coming naturally to very nearly the mom gotl 
that W. Struve, Von Littrow, uid othera have reached. Mr. Sttme'fl nuU' 
matical treatment of tlie portion of the evidence nbich lie Mler.t« ii 
course perfectly sound ; and if only that portion is conaidei^il, then mi- 
qUBstionably the cnncluaion at which he arrives must be regarded, not 
indeed ae, demonetrRted, but as the conclusion which has in its fnvvurlltt 
greatest weigJit of probability. But as there ia a great deal of mild 
weightier evidence, which be entirely aniit« to consider, and M tbt 
evidence is not merely opposed to the general conclusion at which Xi. 
Stone arriveH, but demonstrate^ the incorrectness of that concluMon, tb* 
care and ekill with which the imperfect evidence is dealt with, are in TWlitJ 
thrown away. Mr. Stone deals with the observed incrensu of numb«n il 
stars down to Argelander'i ninth magnitude, comparing that increaae vitfa 
what would occur if stellar brightness depended in general on distance, otm 
being scattered with general uniformity througbout space ; ondbeGndta 
general accordance between this theory and the observed fact*, wheDCekc 
deducee the conclusion that the theory is sound. But as it is uculain that if 
the theory were sound there would be no real aggret;ations or rather t«| 
gations (in space) of stars of many orders of real niugnitude, and as if tl 
were no such ^'gregatlons there would certunly be no apparent aggregaticu 
of stars of many orders of appnreut magnitude on the eiAr-vaull, it foUon 
certainly that if such apparent aggregations exist, tlie theory of geoenl 
uniformity of dislribulion is incorrect. It would not follow certainly, if a 
such aggregations existed, that the theory was sound, but it is cerl&in thi 
if they exist the theory is unsound. But it has been shown that they exifi 
They are made manifest to the eye in Mr. Proctor's equal-surface chart ot 
.324,000 ntnrs, where in some parts the sIilts are so do»ely set that then i> 
barely room for them, minute though their dL*cs ore, while elsuwhcni th^ 
are sirewn very sparsely — the regions rich in stars of the lending onien of 
apparent magnitude being those, very portions of the Milky Way in whkb 
stars down to the twentieth magnitude are found in greatest numben. Tba 
theory, then, of a general equality in the distribution of starii in a^aeK, V 
in the neighbouring parts of the system of stars, cannot be suund!, At iU. 
I'roctor pointed out in a papr read at the May meeting of the .^itrAacBiic^ 
Society, if a survtyor wtre to urge against a theory recpeoting CBrtain tK 
that the mounds have in reality no existence, seeing that, if they writ 
levelled, the general level nf the ground would be very nearly ibe S) 
though the mounds bed not been there — his arguments would not bt 
thought to have much weight. Mr. Stone's theory (sound though 11 
matical portion is) is of a aimitnr kind. It is simply a damoustiatiuDOf tkl 
fact that if we leave out of conuderation the nggrefnlions of atu* OD \h» 
star vault, these aggregationsno longer allbrdiuiy evidence of the Kail) 
gation of stars in space. 

AppriMchitij/ OpiMmWon of Man. — Dr. Terby, of Louvoin, whohaadevatri 
much attention to the subject of the charting of Mars, calls attention to iIm 
questions which he bos raised in bis memoir on the subject. These queatiou 
are quoted elsewhere in the preseut niimUr. Mr hvi" ai 
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e Iheii obserratione to lum, to enable liim to perfect Mr. Proctor's 
diait of tbe planet. 

Th« Aatrononier-Rojiil has also invited atteution to obserrotioDa in con- 
oectioD with the determination of the solar parnUax, which might advan- 
Ug««utilj be mnde at the approaching opposition of Mare. He cited, from 
Uie "Monthly Noticea" of 1857, his paper'* On the means available for 
correcting our ueasuree of the sun's distance during the nest twentj-flve 
j««tB," in which, alludin); to Flamsteed's method by observing the displace- 
ment of Mars in right ascension when he is far east aod far west of the 
meridian, and pointing out its facilities, he bad concluded that: this method 
ia the best of all. "An uneipecled opportunity," he coutinued, "of 
obtaining observations, probably of a much superior class, has presented 
itself. Lord Lindsay is willing to lend hia heliometei ; and Mr. Gill, nho 
has had extensive i^xperience in the use of that instrument, and is perfectly 
aoqoainted with its adjustments of all hinds, olfeia his own time and labour 
U St llelenu or Ascension." He theo referred to the probable expenses 
uf the expedition. Since then, the sum necessary (BOOl.) has been granted 
by the Astrii'nomical Bociety, one-half to be eventually repaid, either from 
the Government allowance to the Hoyal Society, or by Lord Lindsay and 
HeMrs, De In Kue and Spottiswoodo. The place since selected by Mr. Gill ia 
the Island of Ascension, where the weather Is likely to be more suitable 
thnn at the Mauritius. A rigid detorminatiou of the planet's heliocentric 
pontion will be among the objects of Mr. Gill's observatiouB. 

7%< TiAal Eclipae of the Moon lait February. — Mr. Penrose remarka that 
during totnlity the northern and Boutbera parts of the moon appeared very 
much brighter than the eastern and western parts; adding that this "pre- 
suiuably axom- from some interference with tlie light retracted through the 
earth's atmosphere, from a greater prevalence of clouds in the equatorial 
regions than at the two poles; some amount of epecular reflection, at 
very flat angles from the northern and southeru ice, may also liave aided in 
producing this effect." Mr. Peniuse is so thorough a master of the geo- 
metry of eclipsea, and so well able to calculate the amount of light falling 
upon various parts of the moon from the irregulai' ring of li^'ht which must 
appear to anrrouad the earth as supposed to be aeen during totality from the 
moon, that we cannot doubt the above sentence was penned without much 
thought ; for it is certain that the light from various parts of that iri'egulai 
ring is mingled luid in nearly equal proportions over all pai'ta of the moon's 
eclipsed hemisphere, not distributed locally. The niialake of attributing 
the different degrees of light on various parts of the eclipsed moon to this 
c«UM ia as old as Wargentin, if not older. Probably Mr. Penrose had 
noted it in some of the older descriptions of eclipses without perceiving that 
it is erroneous; and naturally euough quoted it, without ruuienibering that 
he had not closely ea:auiined it. 

Rev. Fr. Perry remarks that the thin circle of light on the moon's Umb 
waB in such strildng contrast with the cloudy dull brick-red ehadlng of the 
centre that to many persons it seemed as if the moon was not completely 
immersed in the earth's shadow. Fr. Perry and Mr. Penrose formed, by the 
way, entirely difl'erent views respecting^ the deliniteness of the umbra's out- 
line. Fr, IVrry says, " the darkness of that portion of the penumbra which 
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was in close proximity to the umbra was so great that tbe 
difficult to observe." Mr. Penrose foond, howe?er, that ev 
oniuded eye-observations of tbe beginning and end of totAlity did not 
by taany seconds. 

Oppotilion of Ariadnt.—ThB minor planet Ariadne (43) is in oppoaition <• 
July 34, in circumstHices very fATourable for detennining ita diund 
parallax by the heliocentric method. The diHlantB of the planet from lli« 
earth is 0'83, tbe sun's mean di^tjuice from tbe earth being token w uni^ 
Hr. Gill propoaes to obserre this planet with the beliometer during his Hay 
at Ascension, where the observations will be made under VL-ry favonnUt 
coudidons. Opposition will occur ten daya before he can begin to obaam 
Mara saiiefnctorily. The obaerrationa can therefore be made withaat 
incunveniencc or additional expense. '' It is true," aaya Mr. OiU, 
planet \a somewhat faint (8-3 mag.), but experience at Mauritius has tanghc 
me that with such a beliometer as Lord Lindsay's, in a tropical akjV 
8'6 mag', stars can he measured with mom accuracy than any other, lol 
that ninth mnir. stars can be well measuied in favourable atmnspheric co 
ditiona. The ^ometrical conditions are very much more favoumble than 
the case of Juno (whose distance at opposition was 1-05) ; and beaides ilil 
posaible to select more Builable stars of companson . . . Tbe oppoaitidacf 
Iria (7) and Melpomene (IS) ace also very favourable." 

The Planet Vutcaii. — It is hardly necessary to say tbat the tra 
Vulcan, expected by Levenier on March 22 (or 21 or 23), was notol 
either in the northern or the Houtbem hemisphere. 

The Great Meltof of March 17 ^iu«.— Captain Tupman baa eollertal 
together various observations of this meteor, as seen at Frome, Cambddfl^ 
EensingtoD, Ounnersbury, Tetbury, Roasall, and Brighton. From theit hi 
has deduced the following inferences ; — 

The radiant must bave been very near R.A. 145°, N.P.D. its', at an aU- 
tude of 36°. The meteor first became visible 00 miles OTer 60° BS' M., 
3° 4' W, (or nearly over Taunton). The point of disappearance was abodi 
30 miles above 5" 41' N., 3° 4' W. (near Pontypool). This path satiafiea il 
the descriptions within ordinary errors of observation. Tbe length of di 
path was about o9 statute miles. The duration was given as certiunlyabac 
3a., by Mr. Homer ; 4b. or 5s., by Mr. Hollis ; Ss., by Mr. Ballanl, al Bn 
bury; and S^, byauotber observer. The mean of iheae u 3'la., girisg i 
relative velocity of 10 rnili^ per second. Fr<jm the radiant point pM 
above the following parabolic elements of the orbit are deduwd : — 

Rising node ITT'i 

Inclination 8-B 

Longitude of perihelion .... 222-5 
Perihelion distance .... O0oO 
Motion Dintt. 

Whence the relative velocity is 33-3 statute miles per 'econd, and tbw M 
duration 4j seconds, It follows, then (though Captain Tupiuan maliH ■ 
reference to the point), that, if tbe duration was rightly ob^rjTcd, tti* Ri 
path of the meti-ur was hyperbolic 

Dnring the tirst half of its tradi the meteor was tike buminfr 
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in Hppeuarict^, then tbe colour became red, and lastly waa vivid green. Alt 
along its track fiery aahea fell towarda the earth, and after the extinction of 
tlie principal part, a bod; of darli-red sparks continued to fall for a short 
dJ£taDce, as seen by Mr. Daiia, at Tetbiuy. Lady Portsmouth, driving nenr 
Basingstoke, CK) miles from the meteor, and fncing west, "whb atartted by 
"wbat appeared to be blue or bluiab-greeD lights falling apparently in large 
flakee into a field on her left. Some seconds after, while the whole country 
-was lighted up as if by the brightest possible lightning, a large red ball wsiS 
seen travelling with comparative slowuess on the right over a field, into 
■which it appeared to fail." From Watertord the meteor was seen to he 
double, one part closely following the other. This duplicity is not reported 
Tinm anj other place. The meteor left little or no streak, and did not deto- 
Dale, for several of the observers state that they listened for any noise. 

Captain Tupman mentions as a curious instance of inaccuracy that u certain 
peraua writing over the signature " J. M. W." in the " Times," describes the 
meteor "as two-thirds of the size of the moon whm overhead." At first 
iLis was BuppoEcd to mean that the meteor, when overhead, so appeared ; 
nnd Captain Tupman noted that the meteor was never in reality within G&° 
'A tie zenith of London. But it was explained that " J. M. W." meant that 
the meteor was two-thirds of the siie of the moon whuu abo is overhead — a 
curioQB double error, seeing that the moon never is overhead in London, and 
thiit her size when at ber highest is not difierenl, so far as ordinnry nnked 
eve observation is concerned, from her size when near the horizon, Hut how 
tsn tbe general public be expected to be accurate when we find in a text- 
book of astronomy, by a well-known author, such blunders as the statement 
Ihat the slurs which paas overhead in London rise and set on a slant — tbe 
truth being that they never come within 13° of the horizon P 

NeiB ConieU. — On April 6, Professor Winnecke, of the Imperial Observa- 
tory at Strnsburg, announced the discovery of a new and rather bright 
oomet. He aoon after published the following elements, eide by side with 
wbicb we set JTind's later and doubtless more correct result: — 





Wixvsca. 


Hind. 


r.TllieUDn FKUAEe 


A)>rU 18'IT41 (nerUn Tim 


) AprU II-MSUT (GJLT. 


Longitude of perihelion 


. 251" 59- 67" 


253" aC i)" 


Ascending node . 


. 31-= 51' 18" 


Sltf- 33' 63" 


Inclination 


. 50° 4^' 42" 


68° 64' 22' 


Perihelion . . . 


0'92824 


01)50260 


Motion 


. Retrograde 





Another new comet, much fainter, waa discovered by M. Borelly, on the 
evening of April 14, in E.A. IB" 31'; N.P.D. 84°66'; daily motion in 
BJi. + 120', iuN.P.D.-50', 

Phenumeiinfor the Quarter. — Jupiter, which waa in opposition on June 10, 
will reach his second station on Aug, 20, and quadrature on Sept, IT. Mors 
will pass his first station on Aug, 17, perihelion on Aug. 21, aud be in 
• ippoiation on Sept, 5, midnight. Saturn will be in opposition on Sept. 9, 
two P.3I. Neptune on quadrature on July 30, and stationary Aug. 10, will 
thence pass to opposition on Oct. 28. 
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On the Trta and Skruhi of the SoutA of Fraace tcAiVA /tiruA i 
Witters,—^. C, Mwtins lias communieatpd to tte Academy of Sdom 
{•• OcimpteB rendus," Mareb 19, 1^77, p. 634), a paper on ifai- iadtgoiuw 
trees and shrubs of the South of Frauce wHtch suffer Irom frust it 
tionnlly severe winterti, in which he atteiupta to demonstratt.' their ralatina- 
ship to the former flora of this pait of France. Tbeae plaola are as foUovi, 
arranged in the order of their aendbility to cold: — Cavtoitia (i£fiu, JE^ 
pharbia dendroida, Oitiyacarpiaifvlia, JVen'nm Ohandar, Chiiniarnipihumil% 
Myrtua communii, AnthifHU barba-Jovis, Laurm juAUit, Aaagyria fotUt, 
Punica granatum, Olen europrea, IScus citnca, Oiriariu mi/rtifolia, SmSu 
utptra, Pittwhia iaUin'M, Vihurnutn tiinu, Quercm Ilex,jCulia numtpeUm 
Mid Vitit viaiftra. 

M. Martins remark* that these plants ace all more or li^sa of exotic tTped 
Uome of them are the sole Kuropuaa rep resents tires of cc 
fnmiliefl, tribes, or genera of pliuita. AiUlii/ilii barba-JovU, Ptttackia taitiieni 
yibumum fiiiiu, Quercus Ikx; and CUtu» iiioiapfUmsU alone form part* d 
IkmUies which possess other European genera or spmee. Must iif tl 
of rare and local occurrence, oiily nourishing' in exceptionally t 
places, having the climate warmer, both in aummer and ivint<^r, thca a^ 
apota expuaed to ell winds. The PiUachia, the Citlvs, the Stiuiiu;, aiid tb 
ETorgreeD Ouk are the only ones common throughout tha Meditemmik 
littoral zone ot France. Vibenitim tinut and Atmgyrii fatida Howw ia tfcl 
middle of winter. 

All these peculioritiea M. Marbus thinks may be eiuily exphltnad ){ 
aasuming that these plants are survivors from the flora whicli i-ovBt«d Ik 
soil of Southern Fnuice during the Tertiary period. The vegetation vftb 
period, aa revealed by its fosail remnine, indicates a much wnniiM' cUmM 
than now prevailii in the littoral zone, and most of the spvciea which KUcdl 
diHer from those now living are found in the lacustrine depouta »f th 
regiou itself, and huvu been fur thu most part di-scribed by Count Saporte 
Of Cffobinta hve foEail species are described ; one, the Ccr<tt-inia tUigua,^ 
survived the climatic changes which have occurred since thu Miooens, ad 
especially the Glacial epoch, Ita most probable ancestor is C. ivftatti, St|^ 
from the gypsum of Aiz. The common Myrtle is the descendant of My^ 
ataea, Sap., of the Miocene calcareous slates of- Armiaaan, near NnrtuUI 
and it has been found fossil in the volcanic deposiCfl of Siiul-Jor^ t 
Madeira, by Profeatior Heer. The Oleander (A'arium OUmdir) paAii:d tbroi^ 
the whole Tertiary period. It oucura in the Eocene of the Snrtha, 
the MiiH^ine of Oropo, iu AtticA, and its form, JV. fiaudrimmm, Ad. I 
is iotermcdiatc between N. Oleait^ anii N.odorum. Thus the fi^snl «] 
has split into two living species. TMr^ fos^ spedes of I.aurvia lire loinn 
one, Lauiiia nubilU, u slIU liting' in the region, and it existed iliiriag "i 
lower I'liocene epoch, as it occurs iu the tufs of Mextmieux. N«urly-«]B 
spedes, L. ctmariinui*, Webb, and L.fairni, Ait. (Ort"d<tphne fatm», Nm 
descending from Orrodi^hiie Heerii, Gand.. of the Tiiscnn Quatutinq 
deports, have tuaiiituiued themselves in the Csnarics, the lustilnr cliiDate a 



wbich approRchee nearer tbsn tbat oftho South of FinDce to the climate of 
the Tertiftry pejiods. 

lu Ilia memoir M. Martins dhows, in like matiDer, that most of the tender 
trees and shrubs of the South of France havH their fossil iince^tors in Ter* 
tiarj or Qaatenwry slratB, fonned at an epoch when the climate of Europe 
was BO warm that many plants inhabited countries where they could not 
now pass a idngle winter. He instances the occurrence ot Cliamiffapii hwnSie 
in the north of Switzerland, of the Oleander in the Sarthe, of the Fome- 
pranatB tti the neighbourhood oi Lyons, and of the Vine in SUeaa. This 
note ijf M. Mailins' is an interesting contribution to the confirmation and 
extension of results already obtained by Tarious pal(eontnlo)inBts, especially 
Heer and Ettingshausen, as to the (iliatiun of the existing flora to that of 
Tertiary times. 



CHEMISTRY. 

Thf AhrorpHiai'Siirdruin of Fotanmitn Pernuingiutate, nud Vobii 
Aiiali/iit, — While concentrated solutions of this salt exhibit a broad ahsorp* I 
lion band which biota out all the green and a part of the blue of the fpectrum, 
the same liquid, when rendered very dilute, is recognized in the spectro- 
scope by the presence of Ave distinct and sepamle linea or bands, the first 
of which b near D, the last at F, and the middle one of all between E and 
b ; the first and last are considerably leas dark than the oihers. These bands 
are readily distinguished, eren after often -repeated dilution, and the second 
and third of them, which are the last to disappear, can be perceived almost 
as long as the liquid itself shows a reddish lint. In the performance of 
Tolumetric analyses of cdIoutIbsb solutions the point where the fine colunr 
of permnngarate ceases to he destroyed is readily determined ; if the liquid. I 
under examination, however, has a distinct colour which renders the reaction ' 
obscure to the eye, the exact stage when an excess of permanganate is added 
may be found by aid of the spectroscope. Rriicke, who has devised this 
useful means of giving increased accuracy to several analytical processes in 
which permanganate is employed, makes use of a direct-visiou spectroscope 
by Steinheil ; he explains, moreover, in his paper, how observations con be 
made with a common piism of 00°. In the case where it is desired to de- 
termine quantitatively a comparatively small amount of iron protoxide in 
the presence of iron cxide, the degree to which the solution can be diluted 
is limited, lest the error of observation become too great. An excess of 
permanganate, however, may he added to the yellow solution, which shall 
so little affect the tint of the liquid that it cannot be distinguished ftom a 
ample concentrated solution of the higher oxiiJe. An observation with the 
■pectfoscope will then indicate the presence of the characteristic absorption 
UnesVf the manganese salt, and solution of a salt of iron protoxide of iuown 
atrength can then be added till they disappear; and thus the necessary 
correction can he made. It is pointed out by the author that this method, 
which can be employed with complete success by such persons aa are colour- 
blind, may be mode use of in the case of solutions of any degree of con- 
centration or dilution. There is a method for the volumetric determina- 



tion of iofine when in eombiD«tian. propved hj Hempcil rad de 
hy Hohr in his " L«hrboeh der Titrinnetliode," which nnder 
emditioos cannot be earned oat with the decued pmcniaa, tn 
&ct of ihe liberated iodine giving a viriiet tint to tbe Equd. 
■bowB how his method can be adTaDtageoiulj made oM of in tUf oM- ^ 
If any salts of cobalt h^pen to be pnuent in a Rolution la 
amoimt of a coiutitueot is to be determiiiEd bj meoaa of p«niiiR;.-i .>. . 
tbeir pink colour en closelv resenibles that of the dilated reof-ri' -.':.:: 
the point whut oxidation is effected h difficnlt to airire at ; tb<'- ii- •■: 
the Bpoctroecop«, however, eoables the operator to d«t«ct the m-Ljiiint 
when the Maction is complete. A pale red solalion of • cobalt aalt «ti 
prepared, and a portion diluted with water; pennanganate wH then addri 
to it tin tbe tint closelj resembled that of tbe other portion, eotoapt thai dr 
colour W&9 rerj slightly more Tiolet ; when placed before tbe ^ectrnecft 
the difference whs very marked, all the fire lines beinif raadily ua 
— Joamitl fiir praktiKhe Ckemit, Ixxxviii, 480. 

A^Xunram, — During the last seventeen years the beaiitlAi] methad rf J 
spectrum aaalyms has been the means of ideatifying five neweleuntHyfl 
bodies : c!euuca, rubidium, thallium, indium, nnd gallium. It b wilk m I 
little interest that we find that the existence of anotber element, in thi^ om 1 
also a metal, baa been detected by the old sod more dilficult tnet!i<>:l << 
mineral analygis. Hermann, who published bb first paper on mini>nil<< i-o.i- 
taining met^ of the tantalum group a third of a c«Dtury ago, has tii\"A i 
new metal, which be has named neptunium, in a spMimt-m of " t«ni.iliti ' 
from Haddara, in Comiecticut. His examination has ehown the »)io<m;i = 
to be not a mineral species, but a mixture of about equal aniounld iif inlLnii' 
bit* and ferro-ilmenite, both of which minenla occur in the griuiit* of 
Haddam. The metallic adds contained in this opedmen are pcwent in tii f 
following proportions :— I 

1k,% . , - 8239 \ 

Nb, 0, . . = 36-79 1 

n.O, . = 24-53 

Np, 0, . - 0-30 

100-00 
The method adopted in Beparnting the oxide of the new body rests un ik 
inferior solubility of its soda-salt in boiling water. Neptunium appcan U 
exhibit all the more important properties of the metals uf the 
group, and evidently finds a place amongst them. From niobium and ^ 
menium it is distinguished by the fact of its fluoride foruun^- with toi» 
amorphous insoluble precipitate ; the other metals pva crynalUne pi«i 
tatfs, which dissolve in twenty-fire parts of boiling water. It cu b* 
separated from tantalum by the proper^ which its Uuoridx mommb Vt 
farming with potassium fiuoiide a salt which is easily soluble, (btp—T— • 
ponding double compound of tantalum requiring 300 parta of watvUllfC- 
fnr its solution. Tbe soda-salt of the new element coloun a baad i if nlfW 
cosmic salt golden-yellow, while the other metab comport 
•iinilBr dtcomitances in the foUomng characteristic mi 
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colourlesa ; nioUum, Line ; and ilmeniuni, brown. Ilermann refprs to other 
reactions nLicli »erve to identify it. He lias determined tbu atomic weight 
of neptunium by an analysis of the neptuoium-potasaium fluoride f4 K Fl + 
Np, Fl, + 3 Ha 0) and finds it to be 1 18i!. The combining numbers of tie 
metaU of this group form the following seriea : — 

Tantjvlum ITS- 

Neptunium 118'2 

Niobium 114'2 



Tb« metal itself bos not yet been prepared, the author having at present 
only forty grains of the hydrate of the metultic acid for invedtigation. As* 
Burning, however, that neptunic acid (Np^ 0,), obtained by igniting the 
bydrate, is similarly constituted to the cortBBpondinK oiide of niobium, he 
calculates its specific grafity and atomic volume. He finds the density of 
neptunium to be G-6G, and the atomic volumes of tbe metals of this group 
form the following series : — 

Tantaliun = 10-5 

Niobium IC'5 + (I x 0'5) . = 170 

nmenium 16-5 + (2 x 0-5t . <> 17'5 

Neptunium 16-fi + (8 x 0'5) . - lS-0 

"Wbile the precipitate formed on the addition of soda to the fiuoride of the 
new metal is. as has been stated, insoluble, neptunic acid when fused with 
aoda and treated with boiling mater dissolves in tbat menstruum, and pris- 
mktic crystals separate from the liquid as it coots. Tantalum, on tbe other 
band, when similarly treated, deposits crystals which have the form of hexa- 
gonal plates, — Journal /iir prakiiK/ie C/iemie, IS??, xv., 106. 

Trimethylamhu. — Vincent directs attention to tbe valuu of this compound 
in analysis. After describing tbe mode of preparation he refers to some of 
its reactions which differ in many important respects from tbose of ammonia. 
With trimethylamine the salts of aluminium form white gelatinous precipi- 
tates which dissolve in an excess of the reofient. The salts of cobalt, nickel, 
<»)pper and zinc form precipitates which do not disappear on the addition 
of « large eicess of trimethylamine. The salt of silver forms a dull ^ny- 
«oloured precipitate which dissolves in a large escess of the compound 
ammonia ; the chloride of this metal, on the other bond, appears to be quite 
insoluble in trimethylamine. A substance which exhibits reactions so 
ctronglj contrasted with those of ammonia cannot fail to be of great use in 
epecial branches of practical chemistry. — BtiU. Soc. Ckimie, Paris., sivii., 
104. 

The ChemiaU Compotition of the Flrah </ tAe JIaiibiit.— The halibut 
(H^ipoglaitut americatmt, Gill), which aboundsin the waters of the Atlantic, 
as far north as Newfoundland and as far south at Cape HutterBs, is highly 
valued as food iu tbe United States. Tbe fieah is of a &ne white colour, is 
delicnte and tender, and resembles that of the whiting {Merlani/ut vidgarit). 
Tiie fresh fie»b of tbe halibut has been nnnlysed by Chittenden, and he 
gives in his paper the results of his examication side by side with tbose of 
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atigHted the compoaition of the fleah of ths whiting. Tbif 



Wster 82-87 82-96 

Solid constituents . . . 17-12 17-05 

Ash 1-08 1-09 

Fatly matter .... 1-28 0-38 

Nitrogen 2-01 3-41 

The fleah of the A.meriain fl^b, when dried at 100° C, vm foood toe» 

Curbon SO-38 

Hydrogen 7-43 

Nitrogen 11-08 

Oxygen 6-3fi 

Ash 24-18 



and of the abore constituents 7-11 






The ash of the flesh of this fish is composed o 
Silicic acid . . 
Chlorine . . 

Carbonic acid . 
Sulphuric add . 
Phosphoric ficid 



lOOW 
e present in fiif, form nffctlT 



Magnesia . 
Potftsh . 
Soda 
Lithia 



» 



0-33 
1111 
MS 
1-30 

use 

019 
015 
2-43 
37-07 
12-22 

100-28 

Some considerahle part of the alkaline metala which the author gitM 
oxides in the above percenta^ numbers mast in reality be prtHWDt In 
tbrn of chloriika, combined with the IMl per cont. of chloriDe, and tb 
total constituents found must therefore fall short of the total above gjns. 
In fact, the 11-11 per cent, of chlorine has, so to speak, been left out ia A* 
cold, uncombined, and must take the place of oiygea in theM calculated 
reeillts ; this will reduce the total considerably. Mure than 70 per oaot ef 
the coostiluente uf the ash, according to the author's mod« c^ reg< 
them, consists of phosphoric acid and potash. — Atnrrican Journal af Seiti^ 
1877, s,, 111-133, 

TH» EatimtOioa of Nitrogen in NitraU*. — The method rocomiaonded bj 
Thorpe in his QamilUatim ChemieiU Anatysit for thi< dptennliinlioo of \ 
gen in nittntcs, has been examined by S. W. Johnson, of ^'alf CoIUe^ 
The plan referred to conaisla In reducing compounds concainJnK oltile tddlt 
the form of aiunionia by the use of strips of line coren-d with coppM>bf 
the "couple," in short, devised by UUdstoae and Tribe. The a 
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pAthers) from Thorpe's paper tbat "the ri^siilts are sui:h na nppiirantlv esta- 
blisb it« great exactness, while in simplicity »nd eaie of execution it would 
seem Ui be quite Euperinr to the timilHr methods whi<!li hiive be»n previouslj 
proposed." The Grst deteruiinntiou whii^ti Jnho^oi] inniie by Thorpe's pro- 
cess showed A deficiency at i^i per cent. lu h lecnnd experineDt nitriu 
nside wiia evolved, " the BtRndard aoid not only not beiun neutrnliied by 
amniaDia, coming: from reduction, but mnde more acid by thn renction ot 
nitric oxide upou the oxygen and wnter ol' the uoodeTiiiin); veswls." In the 
third und fourth eiperimaute the results were equiklly unsati -factory. The 
ttuthor then made three deleruilDatioim by Bunsnn's mulhiiit with siuc^ron 
couples and caustic potash, Kud ubtaiiied coneorrlant and perfectly sntisfac- 
tory nsnultd, the numbers, it should ba stated, beiug uniformly 3 to O't) per 
centv under that required by theory. — Amaricin Joiintat of Science, April, 
1877, liii., 260. 

Zifl H-otidioH of Iran ogaiiift Hud. — A most important method has been 
d«^vised by I'roressor Barif for preservinff iron from rust. Ab far as ne are 
able to judge from the reeulta of the experiments which have thus far been 
mttde, the proceai is one of manifold applieatiou, and bids fair to prove of 
the grealaat service in many branches of industry, Profesaor Barff has dis- 
covered a means of rendering all kinds of ironwork, however much exposed 
to the weather or to corrosive vapours and liquidti, prnelicnlly indestructible 
and permanent. Iron when exposed to the action of water or moist 
air begins to rust, a film of ferrous oxide being in the first instance 
lomied upon its surface ; this rapidly takes up more oxygen from the air, 
nod a higher oxide, th» sejtquioxide, is fiirmed ; the Intter compound gives 
up sumn of the oxygen to the unchanged metal beneuth it, anil the fresh 
ferrous oxide thus produced slowly unites with more oxygen, which 
traverses the porous layer of sesquioxide overlying it : in this manner the 
change is propagated to greater and greater duplbx, ULtil in process of time 
the whole of the metnl may be converted into rust. Various methods are 
employed to check this oxidation ; paints and varnishes are u:wd with, how- 
ever, ouly partial success, from the fact that the adhesion of those materiaU 
lo the nielttllic surface is imperfect, nnd they are liable to scale ofl' and dis- 
integrate with changes of temperature, l^rofesaor BnrfT proposes as a remedy 
the coveritig of the face of the metal with a layer of the oxide of iion, inter- 
mediate in composition betireen the two compounds we have above alluded 
to, the ferroso-fprric or magnetic oxide ; and tliis he accomplishes by ex- 
posing the metal to the action of superheated sleiun at a higli temperature. 
Irou treated in this manner for from six to seven ham's at liJOO" F. becomes 
covered with a black film of magnetic oxide, which adheres to it even more 
firmly than the metallic particles adhere to each other, and ia siitGciently 
hard to resist the action of a file. At hia lecture delivered before the Society 
of Arts, and subsequently at a soir^ held in the Royal Society's rooms. 
Professor narif showed specimena, treated by his method, which had passed 
unscathed tbriugh a six weeks' exposure to bod weather on a hiwn in Bays- 
water, as well as others which had been lying in contact with corrosive liquids 
of every kind in the sink of a laboratory. It is easy to conceive of applications 
being made of Professor BnilTs method which may prove of the greatest 
value and importance. Among many which have been suggested are the 
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protection of tlie plates of steftni- boil era and of iron sIiipF, the tiaa of im 
snucepona in place of tinned Tesaels, iron for mnnj domn«tir purpflH* Xt- 
placing' the more coatlj copper; and ne may, moitM'ver, Inuk forward to 
tini-! -when laBden pipes for tlie convc^rnnce ot wnler wjil be entirely n] 
aeded. Again, there i« ever; reaaoa to Biippos» tbst this new prat 
possessea uiaoy advantaj^es over " galvanixing" applied lo mnteriali null 



SuctiWfi And i« (Ad Juice of tttt Utu-ipr firape,- — During 
of tha juice of the unripe yrape, conducted by Brunner and Ilnindflobtii;, 
with the hope of detecting as coostitueots gtjoxjlic ncid and detKutalic i 
these obeerrers recognized the presence in considerable qunnlity of me 
add. The expreNSed juice of fruit, gathered in the middle of June, fm 
the material. After treatment nitb lime carbonate, and the removal (( 
protein compauoda by raising tbe liquid tn the boiling point, the filtend 
liquid wna concentrated and further purified with animal rharcoal ; ft aj^ 
tolline body was at length obtained, which proved on analvma 
aucdnate. The ncids sought for lyere not met with, and thia ftultm b 
detect them ia ascribed to the poadbility of tbe grape having n^vrhdd toa 
advanced stage of its development; the authors therefore intend Id repot 
their experiments with fruit at a still earlier period iwmediately ate 
flowering. If they succeed in proving glyoxylic acid to bo ■ normal coo* 
Btituent of the plant, a conception of the gradual conversion of carhnue adl 
into the vegetable adds under the reducing Hction of light may be uriTedM 
— a metamorphosis in harmony with reactions which can be performad ll 
tbe laboratory. The adds referred to, ns well m others met with ia 
vegetable tieaues, might then be regarded as suecessirely derived &cat 
hypothetical carbonic hydwte by the following; etnges of reduction: — 
2(Cn,0,) + H, - C,1I,0,+2H,0 

flljVIJfllC Hid 

c,nA»-n, - c,n,n, 

ifly«lUc «!il 

2(C,H,0,) + Hj - C,H,0, 

tvtorki kU 

C.HjO. + H, - U,HA + H„0 

dilMilnlP kdd 

Oxalic acid is present in tbe leaves of the vine, according tn Neitbauer, wh» 
found it to be abundantly present, as well an some malic add. in tb« itiaii 
of inferior vintages like that of 1671. Malic arid is not mnt with in wiav 
of good vintage, although it occura plentifully in the leaf of tho vin* at » 
certwn stage of its growth. Neubauer alfio found succinic add lii th« «piiaf 
sap of the vine, and Gorup-Besanez detected tbe presence of glycoUie »lU 
and malic acid in the leaves of the Vii^nian creeper. — Zetitdur^ fm 
anafytiMfJit Chmnic, 1S77, xvi., 246. 

JVuafs.— TanretNud Villiers have isolated and analysed acrytlaUiuhle tags 
which occurs in the leaf of the walnut. It crystalli^us in dinorhomblc prisu 



■which bftte the specific gmvity 1--54 at 10"C., nnd melt at 308° C. This body, 
■which has been fouiid oa analysis to have the composition indiOBled by lbs 
formula C,Hi,0, + 2H,0, does not reduce an alcoholic eolution of a copper 
Bait, and cannot be fermented. When oxidized with nitric acid it does not 
yield muric or oxalic ncid, bnt fiinns a new body, the properties of which 
have not yet been inTestifRited, Kucite, the name which the authors have 
given to this variety of Bupar, is a body which eloaely resembles inoaite in 
ita characters.— Coiiijrfei rtndu*, Feb. 26, 1877. 



GEOLOGY AND PAL.^ONTOLOGY. 

71« AfoianauriiiiF, — Professor Owen lately read a paper before the Ueo- 
lo^cal Society, on the rank and allinitiea of the Mososnurinns, that curious 
family of Reptiles, the remains of which were originally discovered in 
St. Peter's Moant, near Maeetricht. The Maestricht species was referred 
to the Cetacea by the great anatomiat Campu, and to the Crocodilia by 
Faojas de St Fond, whilst Cuvier regarded it as a true Lizard. Lately 
numerous renrnins of amilar animals have been found in the Cretaceous rocks 
iif America, and in examinitig the.'ie Profesftor Cope wna led to recf^iize in 
them certain afSntlies to the Serpents ; he spoke of them as " veritable se»> 
serpents." and formed them into an order which he called Pythonomorpha, 
in allusion to its supposed Ophidian charactera. Professor Owen diacuesed 
in detail the various characters presented by the remains of these animaJa, 
and from his examination of these drew the following coQcliisiona : — In the 
single occipital condyle and the composite structure of the mandible the 
MososBurinnii are Iteptilian, as also in their proccelian vertebriu j in the 
double occipital hypnpopbysea, the bifurcate and perforate parietal, the pre- 
sence of the " columella," the composite formiition of the suspensory joint of 
the tympanic and in the type of the tympanic, the &ame of the parial 
unstrila and the structure and attachment of the teeth, they are Lacertinn. 
In one itpecial dental modification they are Iguanian, in another Monitorial, 
find their special group charactera consist in the more extensive fixation of 
the pterygoids and ossification of the roof of the mouth, the large pro- 
portion of the vertebral column devoid of zygapophjeea, the confluence of 
the fatemal arch with the centrum in certain of the caudal vertebrso, and the 
natatory character of the fore and hind limbs. These distinctive characters 
did not appear to the author to be siiHicient for ordinal rank, and with 
Professor Qervais he regarded the Mosaeauridio as a family of Lacertilia, 
equivalent to the Iguanodontidie and Megalosauridie in the order Dinoeauria. 
The order Lacertilia among Reptiles, being equivalent to the order Carui- 
vom or Ferae among Mammals, the Mosasaurians would be the equivalent 
of the Seals in the latter. 

JZt/cmarctos m England, — In 1830 Messrs. Falconer and Cautley described 
afoeail&omtheSewalikTertiaries under the name of Urmta nvalettiia, regard- 
ing it as a true Bear. In 18.'^7 Wagner recognized its distinctness Irom the 
true Vrti, and established a genus for it under the name of Ai/rioCfierium, 
'~ 'i 1841 Dc Blainville gave no less than two names to the geno^J 
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naiael;, Amphinrclot and Sivalarctoe, This fortuDBte tomi] had Una U )Mit 
Ibrae geueric mtmes Rppropiiat^d to it ; but this was n»t enoui^fa. At 
later but imcrtiUD date the origiaal de'cribers of the apoci«9 propiMod lor it 
the name of Hyananlot, which hw been adopted to the exdiwoii of ali ~ 
others. Of late yenn examplea of the genus hare been fnund fju frain ibt 
origiDftl hnbitat, namely, in the Plii>cene mnrine sands nf Uoolpdliir 
{Ilyrenarclos nui'unu), and in Miocene depoMta at Sansans {H. KemUyany, 
at Alcor, in Spain. The range of this SewalLk form is now ehown tc 
still wider by the diacovery of two upper mokr teeth, which arc uodioili- 
guishable from the correxpanding teeth ol Hyanarctot avaliwuii, in tba Bel 
Or^r depoaits of Waldiingfield. Sud'olk. These were lately dasCTib«d tr 
ProfsMor Flower, in a paper read to the Geological Society. 

Jchlhyoimri in the Rliietie Beth of the Satmt-et-Luire.—^l . K. E. Sn 
notices the occurrence of romaius of animala of the genua Ichthtftitaa 
the Ithmtic beds of AutiUj and la Coudre, in the depnrtiQ«at of th« S 
et-Loire. He refera the Bpeiumtma found to twu epecles, whirh h» i 
Ichthyiutmtna rhrtiau and I. carmaliu. In the former the vvrtebn* of (be 
middle portion of the doreal region are stioof^ly hicancaTe ; their l<ingitudiiiil 
diameter is two-Jifths of the transverse or vertiuil diametti r, and their la«« 
surface is flattened. The dorsal vertebrte of /, carinalia are more discHka 
their longitudinal diameter being only tno-wvenths of their tran^rerw dl^ 
meter; and tlie lower surface baa a median keel, on each side of which 
ia a deep imprestion. M. Sauvage gives no indication o f the aiie of tiww 
TertebrfB. — Avh. Sci. Gid,. tome vii. 

Veini of Bitumen in Granite. — M. A, Julien records the occunenoe, in lh« 
granite of the neighbonrhood of Clennonl-Ferrand, of distinct bitumiwat 
veina. They are found in a railway cutting between Knyat-les-BRiiu 
Votrie, where they foriu a sort of network. The bituminous subflMiM b 
cometimes black and soft. In other plncea it is a solid, brilliant aapbabt^ 
with n reunouB lustre, a concboidal fracture, and a browniah or bltdckh- 
brown colour, and formx veins varying; in thickness from two or three line* 
t'l two or three centimetres. At the lirst glance it might be taken for h 
flint, but it fuses at the temperature of boiling water, and burns with B clwr 
ttnm<4, producing a strong and characteristic odour. — Comptet rendu; April 9> 
1877. 

DiffiaioH of Strontiait in Nature. — M. Dieulafait , in a memoir pr e —trf 
to the French Academyof Sciences {" Comptes Bendus," Juue, 18T7),|(1«« 
the reaulta of his investigations upon this subject, which are of intRnd i> 
themselves and as bearing upon thegeuernl question of the mode of oeoa- 
rflnce in nature of comparatively rare substanoes. His experimeoU ttffUt 
to have been carried on chi>ifly by roeana of the spectroacope. 

M. Dieulafait finds that atrontian eiiat^ in aea-wnter as carbonate •>' 
■olphate. In the former state it may be recognized in 100, in tho latter b' 
cnhic ccntiTO^tres of water. The gypaum funned in salt m arubci befm tk* 
deposition of salt contains atrontian in such quantity that 1 luilUgramlii* ^ 
the Bubfltance distinctly gives ita apectrum ; and as ia the evapnntian li 
(■•-water the strontinn ia nlwaya thrown down in the prnRipltittM of C0* 
bonate and sulphate of Ume which are flr«t produced, it is naturally miinS 
in th« »udium chloride and other salts aftcrwanU produced. Aa (tiutu* 
- uBociated with ths carbonato and sulphate of Ume disaohtl >■ 



sea-wflter, it ought also tn occur in The bud puts of nuuine ocgasismB 
-coDiustJiif of iLoae salts ; uid M. Dieulaliut ha< alwirs foaiul it in litea 
with s weight of not more tfafiD 1 oenti^iiiime. A further inTe»tig>Iioii 
•bowed that tbis rule applied also to the ftiidl rvoituiu of oi^uism^ for 
130 Bpeciee of Brachiopoda, &oia the whole series of forniatioti« from the 
^lurian upwards, all lumisbed tiie ipectrum of atrontiaD with quuitities 
of sabatonce le«a than 1 ceDtigramme. In the aathor's opinion ill depusita 
of gjpsum, of whatever geological age, bate been produced dimply br the 
nvAporatioii of sea-water at the ordinnry temperalure of each epoch ; luid if 
this Tie<w be correct, and tlie eeaa of all times had ihe tome coD^titution 
«11 epeuimeos of KJ'psum ou^ht to coDtjiu strontiaa. Thb was found Xo be 
the case in 1^ sumples of Triable gjpsuin, tio of Tertiary gypsum, i at 
^psum with mica (gtxalled metamorf hie gjpsum), and 6 «p«ciiiiem ot the 
opliitic depoMts of the I'jreoee*, aud the slrontian was found to be pretty 
uniformly ditt'uaed throughout the njas^ of each deport. In mineral waters 
«]io. as might ba expected, strontian ia at leu&t Teiy generally preient ia 
tarinbte quantiliiss. 
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HeubaiMU. — Sandberger fana given this name to a tnizture of the hydrated 
oxides of cobalt and nickel (with a little iron and mangBcese oxide ) which 
occurs in black flakes and ijccaeinnal fpfaerular formB, on the heavy spar of 
the St. Anton mine, in the Heubach Valley, near Wiltichen. It baa the 
hardnesK 3'5, a density of 3'44, and contains 6o-5 per cent of cobalt oxide 
«nd 14-0 per cent, of nieke! oxide. — Keuet Jakrburk fiir Mineraiagie, 1877, 

HeUatte. — Six years ago Striiver discnvei-ed a colourless transparent mineral 
ii^socialud with auhydrile at Qeibroula, in Piedmont. Small fragments of 
this mineral were foimd to melt in the tlame of n CAadle, and to be insoluble 
iu water luid in all acids with the exception of sulphuric aeid, which caused 
the evolution of hydroflaoric acid. The itcij solution contained 30'U4 per 
cent, of magnesia, and the cheinii^al and physical characters of the miiifiral 
led SCriirer to regard it as a magnesium fluoride analogous iu compositioD to 
tlDorspar. It received at the time the name given above. Cossn, of 
Turiu, has recently noticed that the white amorphous powder having the 
«0iiipositjoii Mg Fl, separates, after fuFion with potassium or sodium chloride, 
in brilliatit CTystailine plates. The pore tluuride fuses st the temperature nt 
which cast iron melts, and forms on cooling large crystals having the specific 
vravity of 3*8o3, and possessing identically the same form as Stiiii'er'a 
mineral, which he found to be qundratic. Both the mineral and the arlilicinl 
product are phosphorescent, exhibiting a violet light. 

TTu Oriyin of Mineral Oils. — At a recent meeting of the Russian Chemical 
Society, Mendelejett' presented a report on his eianiination of the deposits of 
mineral oil in the Caucasus and in Pennsylvania, and propounded a new and 
interesting theory aa to its probable origin. He questioned the nceurncy of the 
view generallybeld,of the oil being a product of the decomposition of the fossil 
. - . .... ^^^^ ^j. ^^ ^.| ^^^ ^1^^ earth's surface is 
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to be ftttributed to the tendency which it poegesseatit trnvvme liisbuul 
pvirous eediTneataiy depoaits when exposed Co tb« a[;tioji of water uoneaillf 
present, and of ^Tenter density tbiui itself. The beds of aandstODe in whick 
muuli of the oil is met with do uut appear to coatain tLe remiuiiK ot tW 
orgoniKma to whlcb its origin Is ascribed, and the geologist U driTcn to tad 
At greater depthe the niateriala which ^ield it. In the rauciuiiM l!ie tH 
occurs in Tertiary beds ; in Penusylvania, in DevoniaD and Siti 
But, the authnr miuotoini, we have no graunda for belieriug i 
KDCH of any eztensive d«posit« of organized etructuree at a [wnod tadkt 
than the 8ilurian,niid the prevailing view, therefore, can hardly be 
to meet the diiticulty. Mendelejeff refers to the tht^ories put forth bf 
Laplace and others respecting tlie probable mode of formation of ourf^ob^ 
its density m compared with that of the surface biyers, so (kr as w« aM 
acquainted with them. &c., and drawj attention to the possibility of At 
interior of the earth containing metallic masses of vii«t extent, if it !■ 
allowed that iron is the prevailing metal — and its presence in ^real ^nil* 
titles in the sun and in meteorites renders his theory a not imprubabln an* 
— and that metal occurs in combination with carbon, ne have the niataritl 
from which we con conceive the mineral oil to have been derived. ConWt 
with water at high temperatures, aud under great pressure, brought aUivt 
by the upheaval or disruption of any of the overlying BedimuutArj stnBt 
would result in the formation of metallic oiideB and sntumted hyilrooiAaaa 
The latter, permeating the porous sandstones of higher lerelv, would CiA- 
dense there, or, after undei^oing further change, become the mamli gu <i 
the " gas-wells," or be converted into unsaturated hydrocarbon*. Tbt 
inTariableasaodation of salt water with mineral oil id not without tta bvariif 
on this interesting question. If the view recently advanced by Sl«wiBtn^ 
that the reniarhable metallic masses, discovered bjNordeasltjold, in ISTC^al 
Ovifak, Disko Island, (ireenland, and generally hold to be blocks of meloOiic 
iron, be a correct one, and they are really erupted matter and not of CMtnlol 
origin, they narrowly resemble, as regards tbcircompoAtion, which analja* 
baa shown to be to a considerable extent carbide of iron aud wagnetitf, tit 
material which Mendelejeff assumes to be the source of the oiL 

IhlfiU. — SchrauC has given this name to a ferric sulphats which b» bis 
found on the grapbite of Mugrau, in Dohemia. It is a product of iW 
decomposition and oxidation of the pyriteediseeminalud through the gralii^ 
and occurs as a fine orange-yellow efHoreacence upon its surface ; it cX^Ui 
the botryoidal characters of botryogen. It has a density nf 1'8[3, andf* 
soluble in cold water. Specimens which were collected in 1675 anil (W 
following year were found to have the following oompuaition ; — 

1S76. 187a. 
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) numbers closely accord with those rBquired bj the formulB FejO, 
, ISIIjO, RDd ihleile oppaftTs to be a diatiiict miuernl speirias ; it dtQ'ars 
From iLe coquimblte, analysed by < lustuv Rose, Id containing 12 in plnce of 
» equivaJentB of water. — Kaues Jahrhuch fiir Mineralogie, 187", ".'61. 



PHYSICS. 

The MectriB Canductii-ity of Watci:—lt seems nt first sight curious thnt 
in the case of so commoD a suhflt«nce as wftter there should be any doubt 
aiuon)^ physieisti as tu the pnwei whiah the liquid possesses of runduvting 
electricity. Not that tbe subject has by any means been neglected, ns the 
lahuura of Magnus, Pouillet, Becquerel, Oberbeck, Rosselti, and Quincke 
abundantly testify. Uut the results obtained by these several inveHtigators 
differ «o widely among tbemseWes that it Is not easy to know which are to 
be accepted. Tbe figures brought out by Pouillet, for example, are sixty 
times grsHter than those deduced by Magnus. Professor Kobliausch hae, 
therefore, thought it high time that the subject was settled ; and at'Ier a 
most carefully conducted ioTeBtigHtion, he baa published the results of bis 
inquiry in Poggendorfa " Annalen " {Eri/iitaimgtb. iii. 1877, p. \). Many 
substances have their electric conductivity affected to a remarkable extent 
by the presence of impurities, even when these are present in only minute 
proportion. Mntthiessen showed that copper, for instance, has its con- 
ductivity lowered 40 per cent, by presence of a mere trace of arsenic. In 
like manner Kohlrauscb has fuund it necessary to pay scrupulous attention 
to the purity of the water which he examined, and indeed the discrepancies 
omoag the results of previous inquirers may probably be explained hy in- 
attention to this point. Having prepared the liquid in ns pure a state as 
the reuourcea of the laboratory can permit, Kohlrausch tested the con- 
ductivity by «taminiog a shell of this water enclosed between two bemi- 
spheiical vesfels of plntiuum nearly fitting one into the other, and sieving 
•n electrodes. On passing n current of electricity through this arrange- 
ment, it was found thnt the pure water oHured remarkable resistance ; in 
fact its conductivity was only j^j of that assigned to it by Pouillet. Rain, 
which is, of course, the purest natural form of water, conducted electricity 
twenty'five times better tbau the art iflcially-puri tied liquid which served 
as n standard. 

Infliteiice of Liffhl on l&e ElcdriB SuidaiKt of Metah. — Some two or 
three years ago we were startled by the announcement that the electric con< 
ductivity of selenium is capable of being affected by light. It has, however, 
been since delermined thnt not only selenium but also the allied element 
tellurium has ita electric resistance diminished after exposure to lumiuous 
rays. Desirous of determining whether other bodies are similarly affected, 
Dr. BiiniHtein has carried out some interesting reBearcbas in the Physical 
Institute at Heidelberg. His results are published in a paper which has 
been translated by Mr. R. E. Day, in the " Philosophical MegHKine " (June, 
1877, p. ittl). Gold, silver, and platinum are the only nietnla which Dr. 
\ Bornstein has yet examined, but as he finds thnt all these are hji-jlu .; to 
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fighl, he M iBcliMd to infer Uul llw |in<p«flj, ao fiff 6cmb bdagemtf ti *4 
M one «v?«' ■■ CnM"* ^ ^*^ mmok bf aU tncrUk. in Uia ow rf 
■ricvam ud uDttriwH, it liM lieca Me^crted tbs ibe atteiutan of milt 
■MC u Ami to tiie adiM «l cdorifie imlher tk«* o( hmriiwwa mj*. Dot M 
Mul oltjuclion can bt tuged ^aiiwt ike espetUHOto wiib the noble aetik 
In fact, tlir n-T— "- of ibew Motab ■ i» mMM> wiUi tW Irmp^yArr, M lU 
wbrn it ii foobd that oa eipo«n tu dtnct ligbt tiie resstamM ia ii^ 
niUlcdi, it u deal tlist beat can haTe aotiiing tc do witb CAMtng md » 
cfaanfre. Ileal, tDile«<l, hsid« lo mad the eB«cb of light, and tbe 4imbn- 
tiun of i«ai*t«iice ii tbacforeadiOerentialeSect; u) eflwt 
diffi^raice betwi«n tliir increaw of nwtfaiies cotuequeot oo rue of 
tuns, and tli« decreue of i«*ietsnc« due lo the action of tight. l>r. Bb»' 
•iHtn'i eip«rinicut«, lUtfitffore, efaoir bevood quntioo tbat the clcdric CM* 
ducliTJty of the aoble metals is exalted, or tbeir iwulBiue diniiaulwd, If 
tile dir»c-t olTKt III luminous rajs. 

The EUetric Candle. — ExperioieDla bare been rereotlv eondiu^ted at lb* 
Wwt India Doclu willi the view of testing the jUuminatiiig pnwvr of th* 
an-colltid nl«ctrir cuidla devised by iL Paul Jahlochkulf. Thia nnipia BMOi 
of priidiicip|[ a elvadj electric ligbt conuiU in placing two caibon ptOcBl 
•ide lij- aidt', but ecparated by a bar of a eompositioa calW '■ kaolin." OB 
llie pajMHge of llie curreDt the caiboo? alowly bum down, and the kaoUo il 
conituined by the lie«t at exactly tbo fame nUr. The citrboD* w tbiw kefi 
alwny* at tlie bhiiih dislance apiut, and the liglit plnyitiK between thwn il 
tbim Nodered comtiiTit wilboaC the aid of eoiuplei: regulators. In tb« a- 
patimcnta at the West India Docks the current was produced by a ini^>l^ 
•leciric machion, wnrktHl by a imiall i-leani-en^ne, Hnd the TC»itlt> u* i*' 
■cribiHl as liaviiig Iwen emineolly saliaroctury, for lights of small and 
mmiium lite, AH apparfttu« of even greater simplicity may bo pmploted, tba 
carbon points being di»penBed with and nothing iit«d beyond a piaca rf 
th« Ki'dullod knulin held between the electrodes. But H. Jabloebkon 
priunu jmprovumeut, which prniuivw to greatly uxteud tbense of ibteloetik 
ligiit, cuntist« in his ability to divide tbu current, ao aa to supply msnl 
candles placed in the s«roe circuit, each with its own coil. Tbme auiU^ 
niBj be of vnriniis dcftrees of illuminating power, and inay b« Itghtad tt 
ntinguisfaed separately. In short, the eltfctridcy npp«ara tn be uudWH^ 
Rontrol, that it might be generated in some central estnblithment and UJ 
on through wires U) the several centres of ill uuji nation, jaxt ut freely II 
gas U at present distributed tbroujcb pipes tu nny number uf burners. MM. 
1)nnayr(iu«i and JnbloclikolT, who have employed the light in I'ari*v ti"'* 
diMCrllwd thsir pmcRBH bi'fore the French Academy of Sciences.— Om*^^ 
rmibu, No. IH, April 17, 1877. 

Mas»»tiialioH o/Z'o/orutdZfyAi.— It wasFarftdsy whn flrst showed, by > 
■orids uf famous uiperiments, thst mogiietisni is capable of eiertiBg a i» 
Diarkabln iniluetioe on ligtbt which has undergone tbat pbyxical cbaap 
which is ralln) polariutiuD. Wbeii a beam of plnne-jHilarl/wl Ujclitll 
transmiltod through cnrtnin transparent media pinched betwreo tlwpnicirf 
Ml rlvctro'inagnnt, the plane of polAriiAtluo is rotated Id iIu* dirwtiiM * 
in that, according to llie coune which the electrical current is caiaad Is 
t«ko in qhojillming through the coils of ihi' inagiiut Ur, J. Kerr, of flla^ 
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gow, leflecting on this fuct and others of n kindreiJ nature, was led to iiurti- 
tute expwmentfi with the view of datenniiiiup whelher a beam ofplKUd- 
poluixed light, when reflected from an iron surface highJj magnetized, would 
have ita plane of polarization twisted in the act of reflection. A papei 
describing- bJE esperinients in detail, and corroborating his iiMumption, will 
be found in h recent number of the " Philosophical Magazina " (Msj, lt<"r, 
p. 321). An upright electro-magnet of horse-ehoe shape had its polar 
surfaces polished bo aa to form reflectiug planes. Moreover, a sub-magnet 
WM employed to concenlrale ihe magnetic force, by inductive action, upon 
the nirfave of the iron mirror. A beam of light p.tlari*td by transmiswon 
throng]] a Nicol'* priam was incident at various angles ui>on this mirror, 
and after reflection was analysed by passing through a second Nicol. Let 
t hete prisms be crossed ao os to extinguish the light, and then send a current 
through the electro-magnet ; as soon as the iron mirror becomes magnetixed 
the obscuration is diminished, showing, of course, that the piano of polari- 
lation has been turned. The direction in which it is turned is contrary to 
that of the magnetizing current If, fur example, the magnetized iron 
mirror become a true south pole, then the plane of polarizatiou is turned to 
the right band ; if the current be reversed, so thai the magnet becomes a 
north pole, the rotation is to the left. It should be remnrhed that Dr. Kerr, 
following Sir W. Thomson, nsea in this respect n difl't-rent nomenclature 
from thai popularly employed. Ilia true south pole would be one that 
points, on the whole, towards the north ; that in to say, wliiit most people 
would Mil the norlh pole of the msgnet, It seems reasonable enough that 
the great earth-magnet *>bould have its south pole in the southern, and ita 
north pule in the nunhem hemisphere. But if artifirinl magnets are ti> 
have their poles einiiliirly named to tbe like pules of the oarlh, then (re- 
nietubering that opposite poles attractj we shall have to call the true BOUtli 
pole of the msgnet that which points to the magnetic north ; in other words, 
we reverse the common nomenclature. It is in the highest degree desirable 
that uulfurmity should be atlained, and confusion prevented, in tbe use of 
such common terras. Indeed, it has been suggested to abolish such phrases 
OS the norib and south ends of the needle, and to substitute others free from 
Ajubiguitj. 
-Mtthod of Drferminiiiff Indrx of Refraction. — It is by no meins an easy 
termine the index of refraction of a solid substance, say, of a 
other transparent mineral. And yet the refnictive power is 
questionably an important physical characteristic, and one which would 
no doubt be often recorded if it could be measured with readiness. Mr. 11. 
C^Sorby is therefore to he congratulated on placing in our hands n method 
of extremely simple Application ("Mineral. Magazine," No. 4, 1677, p. D7). 
lie talies a smalt piece of the transparent suhdsnce, having flat pai'aliel 
aides, and placing it on the stage of the microscope, finds the tbicknesa of 
the fragment, and also the extant to which the focal length of tbe object- 
glass is displaced by looking through tbia thickness of the medium. These 
measuiemenU are elfeoted by attaching to the body of the micro.vcopo a suiull 
graduated scale with o vernier, enabling the observer to read ofl" to the 
thousandth of an inch. To make the two required meaeureiiients is but 
tbe work of d few moments, and having ohtained these data, tbe index of 
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refraction ig inimediatct^ cnlculsled ; it in, itt fact, equnl to ihe UiidiBM 
dividiMl by the diffwence between tlie tiiickuess and tlie incnawo of (<mI 
length. By this method Mr. Sorby has already determined the iniei d 
reffflction of a Ur^ number af xubstADCes, nnd bus obtained M>ine inteiW* 
ing results. For esiunple, Hl- Gtids ihnt the iniiiei'al called Pratutite, ct 
light-red silver-ore, has a refractive exponent oa bigli a« 3'2S ; mncb biglur 
indeed than that of bdj aubalnuce previously euuuined. It Ii«* be«D pi»- 
posed at Tarioua time* to constrnol microscopic Iwqws of diamond or 
pbire, bat although these gema have very high refractive indicea, lliey m 
far exceeded in thia respect by rrouslite. Id fact, were it paaaible tn 
struct a. lena of this rare mineral, it ivould have about twice tlit- magrufyio; 
power of a lens of flint-glfwa of equal curvature. The indes of lliul-gl« 
ii certainly not higher tiiim 1'6, which, as we have seen, is only about li " 
that of Proustdte. 

TAe Haif-primn Spectroicope. — Instead of the ordinary iaosceles pris 
used in our spectroscopes, Mr, Christie, of Greenwich, has r«:eutly hi 
geelod the introduction of Ijalf-pristoB. By a " half-prietn " we underrtul 
ati ordinary prism whiuh has been cut in half by a plane perpendicular loti* 
base. Such a pri*m possesses peculiar advantages. Suppose two ali^llj 
divergent rays of monochroniatic light to pass through an ordinary pi 
the angle of separation will not be altered, so that the raya emerge al 
same angle to each other which they had at entrance. But if two 
raya fall perpendicularly upon a face of the half-prism, tlie deviatinq uf 
f one ray in travereiug the glass will be much greater than that uf thti othtfi 
and they will consequently emerge separated by a much wider UKle. Is 
fact, the bolf-priflDi is really equivalent to a magnifier wiUi cyliodiiid 
lenses. Mr. Christie baa had aeveral half-prism direct-vision apeettttmXif» 
successfully conntruclcil by Mr. A. Ililger, and has described thuiu h 
the Physical aud Astronomical Sodetiea (''Astron. Register," May, IMTr, 
p. 111). Half a pri«m of flinl-glass is cemented to a baJf-prism of eron 
glass, and a cumbinalion giving great dispersion is tJius obUuned. It 
the double sodium line be viewed through such a spectroscope, tb« ("• 
lines will be seen widely separated, and in consequence of the diapeiwoa 
they will be broader than with an ordinary instrumeut. With two 
balf-prisms a dispersion equal to that of ten compound prisma ha.<> boeo eb* 
tained ; and thia, too, without any loss of deliriitiou. Moreover, Wthel 
great dispersion or great puriQ' of spectrum can be obtninod at pleaiul^ 
according as the light is allowed to fall first upon the perpendicular or upBi 
the oblique face of Ihe half-prism. Hence by revendng a train of bait 
prisms, so that the light falls on the opposite *id*, a couiporatiTcly short 
spectrum is obtained, but one of great purity. Indeed, nilbout use uf O ' 
limating lenses or slit, the sodium lines may be seen in lui ordinary n i JiJlai 
candle^-Uame, and Fraunhofer's lines may be seeu in the solar spectnuiL 

TAt Ot/ieoei-vpe.—So many different forms have been given to tho ndio- 
meter by the ingenuity of Mr. Urookes, that at iho Itoyal Sodeiy* —ir4i ill 
April hu was able to vxhlbit as many as twenty moUilicatiaas uf the Utik 
initrumenl. Among these modillctttions were several so ditfrrent ftom Um 
earlier forms of radiometer, that Mr. Crookea proposes to disliugulah thM 
^^^^t^etea^ U name derived fmm mSia, I propel. In an ordinary tmlia 
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meter, whateTer form it mnj Rsaume, t]i<i g\a^ globe is fto euentinl jiart of 
the appwntuf. Without thu globe the fly would never turn, iind tiie moat 
probable view of tlie action of tbe ladiometei — the vieir to which th« is- 
Teutor hiniAeif assents — ia thnt rotation must be caiued bj the exceia of 
molecular pressure between the fly and the KDcloaing Teseel. In tbe otheo- 
icope, on the contrary, the glaaa bulb serves merely aa an envelope to en- 
cloiie themrelied air, and ia by no means an essentiaJ part of the machinery. 
In fact, an otheoscupe has been constructed without any envelope whatever. 
Let a radiometer and an otheoscope be removed to n position in space where 
the ttir is extremely attenuated, so that the atmospheric preaaure is perhaps 
not more than a millimeter of mercury, and then remove the glass case from 
each iuatrunient ; the fly of the radiometer immediately would bucoiii e 
»UitioDary, though there might be abundant solar radiation, but the Hy of 
tbe otheoscope would whirl round just as merrily ns before. Tbe lirst form 
of (ilheoecope described by Mr. Orookes ("Chemical News," May 4, 1877), 
cousin of a fo^^*^med ily, each carrying a vane of thin clear mii-a. At 
one aide of the );Usa butb which encloses the apparatus there is a vertical 
pbile of mica blackened on one face, and so placed that each vane closely 
approaches it as the mill rotates. If light be allowed to fall only upon tho 
clear viuiea, no motion ia produced ; but if the light tihine upon the bhiclc 
pl.ite thu vanes inslantly Iwgin to rotate, sa though repelled by a molecular 
wind blowing from this Burfsoe. The movement is therefore produced by 
preDSure generated on a fixed part of tbe apparatus, by which tbe moveable 
portion is propelled. As thia driving-snrface is Rtalionary, it is not re- 
stricted in weight, sine, or shape ; and hence the niodiiicatioDS of which 
the otheoscope admits are well-nigh endless. 

Tht C^i-toKope.—lt is well known that if a mirror be attached to a 
vibmting tuning-fork, and a point of light which moves uniformly in a plane 
at right angles to that in which the fork is vibrating be reflected from this 
mirror, the image will be an ordinary single wave. Again, if a heries of 
luminous points move uniformly with such velocity that o point passes over 
two intervals during an odd number ot vibrations of the fork, the two waves 
overlap and produce a double Hgure of the form of a series of figures-of-«ight. 
Extending these principles, Professor McLeod and Lieutenant G. 8. Clarke 
have recently constructed an ingenious apparatus which has been described 
before the Royal Society under the name of the cycloHCOpe. Equidistant 
perforations are made in a circle on a disc, which is attached to a rotating 
axis, and the light passing through these apertures falls upou a vibrating 
tuning-fork of known period, whence it is reflected on to a screen ; and 
from tbe shape of this reflected image the rate of rotation can bo deduced. 
Hence the cycloscope promises to become of much value in determining tha 
speed of machinery. On the contrary, if the speed at which tbe cylinder 
rotates be known, the pitch of the tuning-fork may be ascertained. — I'roo, 
Koy. Soc., April 10, No. 180, p, 167. 
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'. Ifew Larnal CttCoul Wiirm. — In a pHper read bef.ne lli« Franck 
Academy of Sciences {'-Comples miduB," May 14, 1877). M. A. Villa 
descriW A most inhirwiin); Inrvitl parngite beloaiptig to tbo group cpf Ca* 
worma. Onu of the mo»t reiniirkiibla thinjra in connBiIoa vritb it It 
□Hture of its boat, which \a a Myriopod, the Glommi fimAoftU, 1*1: 
the Cestoid worms io all Biftpa being genewlly paraatic on TertebriW 
aoimalg. 

In its simplest stage it farms litUesepaintecjfrta, lodged nitlliu tliebiUiiy 
Feseels. Tbetw cystd, which fire nb'>ut 0-028mni. in diameter, might euOf 
tie mintsken for Qregarina-cysli. They are compo»ed of two ti«iW|wnU 
niembrnnef, and contnin two kinda of corpuaclea — pslo granulatkoi rf 
protoplasmic nature, atid »ery refractive yellowiflh concrotionB, Buch MOCW 
in h11 Cestoids. Each cyst cmi rvproduce by gemmation nft^r ilie loabinn dt 
", and in this way these vesicles at lust complt-tely till up tii^ lumeauflbt 
TCBscI, forming milk-white masses, visible to the naki^d eye, Th« tjiu 
then escape from the reSBel int~) the body cavity, hy trareraitig Uia wall of 
the former, to which they generally reniain ndhert^Qt by a pedicle. lb* 
nmltipli cation still coDtinuea, m that the vessel is soon cnvereJ with illM- 
mncable cysts of different sifes, but all united by peduncles, and fonuisil 
bunches, oftpn of considerable ^ize, nnd of a penrly-wluie colour. 

The veaiules, which are now ovoid, have (fteatly incfensed in «!», ni«««> 
iug 0100 mm. in length by 0-140mm. in breadth. Thwif envelop«l«trfia 
become Ihickeued : its outer membraoe ie compo>ed of tranavene nod lOBgh 
tudinal elaslic fibres, forming two distinct layers ; and ilfl innef niambtMN 
exhibils Ibe ordinary cells of connective tissue. At theantiTior poi« of lfc» 
cyst Ihere is a deep fnunel-like depression, which is iuiperfornte, atidwii>- 
>iat« solely ofn conical invaginAtion of the two meinbnines. In the ialcriis 
of the cyitt there is a fine, perfectly recogniMblo tcolex with four di«^* 
stout proboscis, and a simple circlet of fourtotm hooka. These are 0O8 
mm. long imd 0<M mm. broad at the process, wbicli is remarkably d^ 

From this description of the Bcolex there would appeur to be no doubt U 
to the Cestoid nature of this pamsile upon GlonwiU, but so far as we remem- 
ber the mode of development described is perfectly unique among the CsstwJ 
worms. M. Villot, indeed, says that in itsstnicluro and encystatioaiiimuti 
resembles the Ecfainococd; but at the same time be fully xrtsogtaxii* tk* 
great differences which separate it from those larval formb, nnd noticee t!m> 
as follows :— " In the trlie Echinacocci," he says, " the acephtJocyst lak« 
no part in the budding, while in the Ecbinococci of (ilometij tbo budduf 
affects the whole of the cyst and its contentc llence, in the formvr at* 
this budding is internal ) whilst in the latter it in eiterunl. This MBonliil 
difference in the mode of prolileration " be regards as necewitatiiig tkt 
formation of a distinct genua, nnd he propoBL>s to name th« new pai 

Staphj/loci/ttu biHariti*, in allusion to the tnceinosearrangumunt of tli«! 

«nd the connexion of the parasite with the biliary ducl«. ll Is 



I tkat tht tetkr dnelopmoit of thie sin^u fu[m of pansite mAj 
U. ViUot lUtM tbat fae klsn Gnd;^ ft nemaliud woim of llie 
^raos apttoleimi ia ibe stoinadi of the Ghmtrit, which is v erj- common in 
the linwrtCKW BovnlKmi garmnndjng the city of Qtenoble. 

BtUrogm y m U« (?d^CuM,— Ir baa been long known tfi enlomoloi^Mta 
tb»t while of MMe geoen of tfa« delicate little Himenopten which juu- 
dne« moat of Ihe excnacoieeB on pUnta knowD ai fridb, in which Uieir 
lartiE lite and vrire at maturity, bndi males and feoinle* tnighl alwajt b« 
KBTed, other nearly dlied fotma were obIt known by a single sax, none 
but fem&Iea of them having ecer been wen. This waa atribinjtl? the caal 
with some of the Cjnipids that infeat the oak ; and Hccurding In a coaw 
municvtion made bj M. J. Ijchtanstein to the EDtoniDln^tical .Society of 
France, Dr. Adler, nf Scfaleswig, has de*ot«d a good deal oF attention t^ 
the inTestigatioD of the»e little insects, with most curioua and interMt* 
in^ resnits. He findi that the phenomena in question conatitutc a case of 
brteTogenj'; that ia to aaj. the agamic gvnera, or those of which feninleaonly 
ue known, an onlj tranatoiy forma, piodudng galls quite different from 
those fmm which they Ibemaelvea iaaued, and giving origio to both male 
and femaJe insects. In form and structure theaa two successive winged 
genetatiooE of the same insects present do resemblance to iino another, 
and do not eren belong- to the same genus. Tbia certainly constitutes tha 
mnat remarkable in^tancF of ''alternation of geuenttioiut " with which we 
tire acquainted. Thne the common species, Spalkegatter harcurum, which 
iiisups from the fle^hv galls, like white currants, tinder the leaves of 
Ihe oak, preeenta male and female individuals with ratbvr short oci- 
positnrs. The females prick the ynun^ leaves, and thus give rise to galls 
qnite different from those from which they emerged ; nametir. the small 
leniicolar or "spanple " galls, from which Nmrottrtu Imtiadnru proceeds. 
In the genua Neurnlena there are only nf^nmic (female) individuals, which 
have a verj long ovipoaitor rolled up in the abdomen. They emei^ in tha 
winter, and lav their egga iu the buds of the oaks in March and April, 
thereby cauung the formation, not of the lenticular autumn galls, but of the 
currant-like spring galls from which the Spathegadtr ts produci.'d. I'hua 
both the insects and the galls are exceedingly different. l)r. Adler haa 
aertained that tbia relation exists between several cpeciea of (Jyuipidai, of 
b the following is a list : — 

Xrwobnvi /umipmnit is the agamic form of Spatkfj/atter albiptt. 
Igniicularu „ Spnlh. baecarum. 

tiumumaiu „ „ vegicntn,r. 

Dryopkanla ncutelhtrit „ Tngimiupa t^mntatii. 

hngivtntrit „ Spathegaaltr Tatchaibmyit 

I ApMloArix radieit „ Andriau hihIuU, 

trthenogeneti' m Ants.— la his paper on the habits of anta (" Journ. 

m, Soc.," Zool., Vol. xiij.. No. 63), a short notice of which appeared in 
our last number. Sir John Lubbock refers lo the occurrence of true parthono- 
(renesia anumg those insects. He finds that, as Bmon)> boss and wasps, tha 
workers occasionally, although rarely, lay eggs, Ilia observations do ft 

ible him to say whether these necessarily unferlilixed egga product m^ 
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tg h kaawn to be the CAse in beea tmd wnsits, but the follatriag 
would seem to show timt they do bo. Sir Jnhn Lubbock mjs; — "Ibntt 
nest of Fortiika cinerca -which I brought from CMiallftmure, ia Dentnibo 
1h7S, and -which lins no queeo ; neverthelees e(i^ were laid io it but spring, 
ftiid these epgs produced winged individuals only, r11, I believe, tnaW; bnl, 
unfortunately, thay emerged one day when I wmb away from home, and I 
Io»t the iipportunity of eaaniinirii them cwefully. None of tlie eggi, how- 
ever, produced workeTB." 

The Lower San-ode Ofganiimt. — InhiBl're$ideiitialaddrps«ea tolhntiiuulil 
Society for the present year and 1870, Professor Alluan haa oolintdtbt 
jirogj'GSB made in the knowledge of those low forms uf nnimalR which, MS- 
ueting almoHt wholly of undifTurentiated sarcode, may be Inoked Up<nM 
occupying the very lowest step in the seriee of ejumal or^nixms, eT«n IT m 
decline to fefer them, with Ilitckel, to the neutral group of the Pnttiftl. 
The address for 1S76 is just ptiblisbed in full in the ■' JoumaI"i>r lb 
Society; it is fully illuatrated, and contains an Fidmirable niminary of tb* 
resulte of recent researches upon the lowly orgsnismii of which it truta. 

In hia address delivered on the 34th of May last Profe.-»or Alltitan r» 
marked that to the investigations of Archer nnd oibej? in this country, m1 
of Uertwig, Lesser, SchuUe, and Qreefi',b Germany, much of nurknowledg* 
of the Monothalamic Kbizopods of freshwater is due. lliedo Ifttler fonu 
may be divided in accordance with the nature of their psHudopodia, in eeat 
these processes being short, thick, and finger-shaped (Ijohnso) ; is othen 
long slender threads (Filifera). 

Quadrula with a sculptured shell illustrates the former, nnd the still mart 
curious MirJ-oipvmia socialit the latter. This last forms colonies united by 
n network of gelatinous threads. Moreover, Ilertwig has shown that tbf 
protoplasm of M. tocia/U diTidcs by spontaneous Kssion into two segmnDlli 
one of which remains in the shell ; the other, forcing its way out, tuBOmm 
an oval shape, and develops vibratile fiagella, and not pwudopodia, Okai 
becoming a free-swimming Hagellnle zoospore capable of ultimate denlop- 
nient into the iidult form. The importance of Uitckel's discovery that nnd 
is contained in the so-called "yellow cells" of tbeRHdiolariawasicferTeri tA 
Heesrs. Dallinger and Drysdale have shown that tlie flagellaie monoda mif 
acquire an amoeboid condition, imd move about by the nid of pseudopodi*; tlnd 
two such amceboid forms, when they come in contact with <ine atiotha, 
become instantly blended together at the pi^nt of contact, and oltiiDaltly 
fused together throughout, when their mingled protoplasm aaaumca ifct 
form of a spherical sac filled with paiiicles of immeasurable minutonn^ 
These particles are genus destined for the reproduction of tlie ijidivIduaL 
Their form can be demonstrated only by the highest power* of tbs mien^ 
sco)ie, such as the 1-50 inch object-glass. Not only has their dcvelopnunl 
into the adult form Wen traced, but the unexpected fact has been oUctbnlAat 
theee germs can be subjected to a temperature of SSS'-SOC Fabr. witbaat 
lo«og their vitality and power of development — a fact of vast Hgtdflaaim 
in iu bearing on experiments connected with the question of sponbmDOM 
generatioa Hertwig and Scbulze have quite recently mode thn discoveiy oT 
a nucleus in the Foramioifera. This group, therefore, must now be retnoftd 
the region of Cytodes, or non-nucleated protoplasmic masse*, and 
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^^U Id n higher stn^re in the great division of the RiitzopodH, I'rom 
BR Bucb ns tliese P. E. Schiilze conceiTes be hns (rot n clue lo tlie aRinitie* 
nd derivniion of the varinuo memlierflof the Snrcode nrgnnisms, Rbixnpodi. 
rho primitive 'fonnB, nnn-nuolentHd Cjlodea, Hftckel's Moiiern (Vrotogmu, 
fYotanitFba, kc), Scbiibc regnrds B£ the Inwer undivided stem. From lbei», 
ij diflerentifttioD of a nucleus in their protoplnsni, are evolved the nuclpated 
armB (Amaba, freshwnti^r MoDOthfilaiuia, Foraniinifers, Heliozon, &c.), 
wiue\i cnnstitute the subdiviBionB into which ihu stem briincheB ofT. Thsw 
vpeftt the various modilicatioDB of paeudopodta (Lobose, FUiform, kc.\ 
vhieb have alresd; uiiatecl in the primitive forms, and which they thua 
letire by inheritnnce from their non-nucleated progenitors. Finally, throogh 
lie branch of the TTelinzon, we are conducted to the ultimtite twi)Z« formed 
jy the fnmilieaof the RndiolHria, in which we find not only nuclei hut a 
* eenlrid capsule," indicating the highest grade attained by any member of 
[he frroup. 

The Ko-raOed " Colomal AWiioiu Sj/ikm" of (he Pijyxoa.—hi 1880, Friti 
Hiiller deflcribed a series of cords with ganfrlionic infiatione which he had 
band trnversbg the elem and bmnchea of the polyznary in Serialan'a Cott- 
tMkii, A polyzoan of the Brasiliun ctast, and which ha regarded na a " colo- 
Diftl nenotia system " destined to iranemit senBatious (o different piirte of 
the common structure, and probably to govern the movementf of the zooidH. 
Other observers, especislly Smilt and CUparMe, detected something of tbo 
tame kind in European epeciet of Cheilostomntoua Polyzoa, and M. L. Joliet 
has fei«ntly communicated to the French Actidomy of Sciences ( " Comptet 
TeDdns," April 0, 1877), the results of bis obxervations on Smvfrbankia im- 
bricafa, Johnst., a species which, with ita congener, S. deata, Farre, in par- 
ticularly well adapted for such inveatigatioDa. 

The colonial nervous system in Serialaria, as described by Fritz Miillel, 
consist* of the following parts: — 1. A central cord which traverses the 
length of each joint of the stem, and divides distally into as many branches 
as the joint frives oJF ramifications ; 2. Qranular ganglia pieced at the bases 
of the branches and of the zoiEcia, or cells of the individual polypides ; -3. A 
plexu" superadded to the central cord and uniting the ganglia of the bmncliea 
and socecia : 4. A nerve which runs troin the ganglion at the base of each 
zorecium to the bud and lo the intestine of the adult polypide. All then 
parts are equally distinct in Bovierbankia imbricrUa, but Boina of them bear 
a very different interpretation from the above. 

In this species, accordiog to M. Joliet, the central cord connista of large 
fuaform cells, not containing a distinct nucleus, but a very rariable number 
of refractive granules. These cells agree with no known nervous element 
The plexus possesses the same structure as the central cord; and its branches, 
instead of running to some particular point, or to some organ, such as the 
muscles, generally go to indelenninate points in the walls of the cell where 
there would appear to be no movement to produce or sensation to perceive, 
and here, instead of forming something like an ordinary nervous terminalaon, 
they become confounded with the endocjst. With regard to the ganglia, 
Fritz Miiller would appear to have been misled by appearances. According 
to VL Joliet, at the level of the articulations there are diaphragms, which 
e been already noticed by Reicbert in Zoo6u(j-^un/ie(/iicirfiM, and which cut 
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the supposed gnnglia into two parts, commiinicatiiig only by a oanow per* 
foration in the diaphragm. The so-called ganglia are^ in fiust, simply appeir- 
ances produced by the juxtaposition on the two surfaces of a thindii^hngm 
of two masses of granular matter produced by the spreading out, on theie 
sur&ces, of the central cord of the corresponding joint. 

The supposed nerve which runs from the band ganglion of the loaedam 
to the bud is actually attached, as Fritz Miiller thought, to the intestine of 
the adult polypide, but, according to M. Joliet, it is nothing but the orgta 
described by prcTious authors under the name of the fimide. It haii the 
same structure as the central cord, and it is so contractile as to set the 
part of a third retractor muscle. It has therefore no resemblance to a mm. 

From all these circumstances M. Joliet concludes that this system of 
organs is not nerrous in its nature. Further, he finds by experiment thtt 
pinching or even cutting the central cord has no influence upon the polj- 
pides which might be expected to be acted upon, and hence concludes that 
it does not transmit sensation. He is still engaged in inyestigating iti 
nature, but in the meantime states that the fusiform cells of which it is 
composed may often be seen to swell and become rounded, and then detteh 
themselTes from their neighbours, giving origin to a number of flotting 
corpuscles which are observed in the liquid filling the joints of the stem snd 
the cavities ot the zooecia of the Bowerbankia. As these Polyzoaare foand 
on the British coasts, some of our readers may find an interest during the 
coming vacation time in investigating this curious problem. 
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THE VOLCANOS OF THE HAUTE LOIRE AND 
THE ARDECHE. 

Br Titt Rev. W. 8. SYMONDS. of Pbnbock. 

(Omdudrd from p. 2fl0.) 

[PLATE VUI.] 



yi/E shall long remember oiir days on Mont Denise when en- 
* V dtavouring to separate the newer geologif phenomenafrom 
the older. It was glorious sunny autumn weather, the distant views 
being wonderfully clear and distinct, and wild pinks blossoming 
wherever a tuft might grow among the cinders. There was 
Dianthus auperbus and several other pinks which we did not 
know, with convolvuli and other autumnal plants, which were 
most abundant in the woodlands on the slope of the hill. The 
diflFerent views from various points of Mont Deniao embrace the 
principal features of this extraordinary country. The following 
plants were noted by Sir W. Guise as growing on Mont Denise 
and near Polignac in the month of June : Bi«cuteUa Iwmgata, 
Saponaria oc!/nioide8,Coronillavaria, D-iantkus {two specieB), 
Liiuiria etriata, Mulgedium. Plumi-eri, Rosa ruhiffmoaa, 
Muscari covwaum, Specularia speculum, Cimtaurea cyanua 
and calcUrapa, &c. 

Mr. Scrope believed that the noble ranges of basaltic columns, 
the Croix de ia Paille and the Orgues d'EapaiUy, l>eIong to the 
later volcanic outbursts from Mont Denise. The Croix de la 
Paille projects from the flank of the hill; but there are no means 
of determining the relation of this basaltic oritflow to the tuff 
and 8coria> which cover the slopes of the hill, nor is it easy to 
fay why these columnar rocks should not lie as ancient as the 
older conglomeratic tuffs or breccias. The Mtnicture of the 
Orgues is very beautiful ; and we are struck with the symmetry 
of the columns, which are 50 feet in height. The basalt over- 
bangs the river Borne, but does not occupy the existing channel. 
There is nn outlying mass also of columnar Itasnlt, called Mont 
Redon, which has overflowed an ancient bed of the Borne at the 
height of 50 or 60 feel above the present channel These 
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massea of basalt appear to me to have been local outi 
suoilar history belongs to the columoar basalts of Moi ^__ 
the Allier south-west of LePuy and Baios. They overlie old nTsr 
beda of a former Allier, but are not excavated by the pre«at 
river, for it now runs through the decomposing granite. 

A pleasant walk from Le Fuy through Brives and over On 
bridge on the Loire conducts us to a tribiitaryof the Loi]«,aDd 
on the right bank of this stream is the Roche Rouge. This ii a 
basaltic dike traversing granite, and is remarkable ss showiflg 
the wearing away of the granitic rock by atmospheric iufluenoe^ 
since the infiltration of the dike into a fiHsuie, and tlieredstasee 
of the Roche Rouge to the eroding agents. It is a rumands 
spot, the stream of the Lagogne flowing in a narrow chamul 
through granitic rocks, and forming deep pools in which we ttif 
trout shooting in and out of hollows in the rocks. Wild pinia 
were growing all around, and the tall pyramid of tie Racht 
Kouge rises 200 feet above the river. The roadside between 
the river and the base of the basaltic dike exhibits an old river 
bed, many feet above the present stream. We traced Ihe dib 
upwards nearly to the summit of the hill, and found that tilt 
granite immediately in contact with the igneous ro(?k had decoii> 
posed much more than that at a dist.ance from the point of oou* 
tact. We observed also that, even on so isolated a spot, v^fltlp 
tion was far more luxuriant on the lava than it was on Um 
granite. Wild flowers blossomed everywhere on the Rocbl 
Rouge, accompanied by butterflies hovering around, while haidlj 
a plant flourished on the arid imfertile granite. Another dike 
cuts through the freshwater beds at Brunelet on the road Cron 
Le Puy to Issingeaux. 

Standing on Mont d'Ours or any of the heights above Le Puji 
and looking westwards, we see the granitic range of La Mw- 
geride rising between us and the old miocene volcano of tl* 
Cantal, while southwards are the heights of Mozen. Msnt 
Mezen itself is nearly fiOO feet above the sea ; but tbe cU 
volcano was probably much higher, as it was erupted on amiKli 
more elevated basis of granitic rocks than either the Ciuit«l Ot 
the Mont Dore. Opposite Mont Denise, on the other side of 
ihe Borne, the basaltic plateau show^ trachytic lavas overlying 
basalt, as if produced by separate outbursts. Tlie demarcatioil 
of the two lavas may be seen even across the valley from Dciuw> 
An expedition may be made from Le Puy to the ruined caftk 
of LardeyroUe, wMch lies on the left of tlie road to lanngoanx 
and Amoray. Here, in the middle of the sisti«nth ceotaiy, 
lived tlie " terrible Baron des Adrets," who espoused the osBfe 
'jf the Huguenot king of Navarre, and who with one of his fid- 
■wers, Blacon, once a knight of Malta, and afterwards a fife^ 
M«r, laid siege to Le Puy, and eaclted the chorub of 9t> 



VOLOAKOS OF TH£ HAtTE LOIBE AND THE ABDECIIE. SSIH 

Eichel, but was defeated by the Catbollcg under tlie Connt de 
I Tour Maubourg. Later on, tlie " terrible bai^n " and Blacon 
acked La Chaise Dieu, mutilated all the statues and monu- 
nts in the church, and carried off the chandeliers, crosses, and 
They also bore off a great statue of" Moses, which they 
Leved to be of solid gold. It turned out to be of copper- 
t ; BO Moses was most irreverently tossed headlong into a small 
!, firom which he was fished up again forty years afterwards. 
J ruins of the castle stand upon a conical hill of trachytic 
vs, which Mr. Scrope thought must have flowed from Mezen. 
lavas should be compared with the tabular masses 
srlying the freshwater htds near Brives. Another fine 
^ in a romantic situation, within reach of Le Puy, is the 
tie of Bouzols, south-east of Mont d'Ours. In the Huguenot 
8 it was Catholic, or at all events was occupied by St. Vidal 
Catholic Governor of Le Puy. Bouzols, Espailly, and 
relignac leagued together; and M. Mandet, the historian of 
Ivil wars of Le Velay, gives interesting descriptions of 
s feudal st.rongholds, and the way in which their lords taxed 
levied contributions on the surrounding people without 
lercy. It was, it appears, owing to disagreement between 
laron St. Vidal and the populace of Le Puy respecting the forti- 
ntioQ of Bouzols that St. Vidal challenged Pierre de la Rodde 
'e combat, and was slain by a stab from his jxiignard. 
I The road to Bouzols from IjC Puy is wild and peculiar, owing 
p the strange grouping of the hills capped with basalt, the exca- 
^ted vales, isolated rock masses, and volcanic mountains away 
'i the distance. The old Gaulish town of Monastier is situated 
3 borders of the great lava current of Mezen, while the 
istle of Bouzols stands on volcanic breccia similar to that of 
Conieille or Polignac, and rises in the middle of a great denuda- 
tion of the freshwater and tertiary marls. It must have been a 
place of great strength, and with the light gleaming through 
its towers and loopholes is wild and weird enough. There are 
m&ny local traditions about Bouzols, and a lady who was mur- 
dered by her cruel lord is said to haunt the place still. Below 
in the valley fiows the Loire ; and in front, to the south, rises 
the Lion de Coubon, a mass of basalt somewhat like a lion 
couchant. The basalt overlies a hill of freshwater marls, at the 
base of which is the village of Coubon. East of Bouzols is a 
valley of deuudation in the freshwater strata, the valley of 
Lausonne, with lava streams overlying the hill platforms ; while 
above these basaltic platforms rise the more recent volcanic 
cones of Prezailles and FrejceneL Another place particularly 
described by Mr. Scrope for its striking scenery and singular 
geology is on the Sum^ne river, a little north of Brives. Here 
we have the granitic rocks of Chaspinhac with its elevated ril- 
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lage, and theee granitic rotrks now separate the &eehwBt«r 1 
of Le Puy from that of Emljlavee. The cone of volcanic 
Bcori^ and cinders known as Mont Serre las been erupted va 
the edge of the granite escarpment ; and the basaltic plateau, the 
Chauds de Fay, rests upon the freshwater beds. Here, too, aie 
the Rochers de Peylencs, famous for their great blocks of olivioe, 
Bpecimens of which may be seen in the museum. Thia brecciahd 
mass is very peculiar; surely the outburst must be local, and 
the blocks of olivine must have crystallized below the spot wbffn 
they are now excavated. A great landslip has occurred, and 
let down masses of basalt, while the river Sum^ne rolls among ft 
hurly-biu-ly of (fe6ri« and columnar ranges of ba^t Uwn^ 
splendid gorge of rock and rushing waters. 

The town of Le Puy is situated nearly in the centre of an ant 
which was a large freshwater lake during portions of the EooeM 
and Miocene epochs. This ancient lake must have been at least 
twenty miles in length, by ten or twelve in breadth, and occupied 
a depression between hills of granitic gneiss ; and probably ll* 
depression was caused by the subterranean movements pr»;ed< 
ing the great development of volcanic activity, which covered 
up the area occupied by the lake with lavas, breccias, and scoria. 
High granite hillfi must have risen all around ; and there il 
little doubt that the granite peninsula of Ohaspinhac which no* 
divides the freshwater basins of Emblavea and Le Puy was • 
spur of high land jutting into wliat was in olden times a dnglt 
lake. You might have sailed on its waters round by St. PnuIiflB 
to Vaurey. It is probable that streams running from the Game 
soiurce as the present Loire and Allier flowed into the ancien: 
lake ; for it is evident, from old river drifts now elevated higk 
upon hills where now no waters flow, that former rivers ww» 
compelled by land movements and volcanic eruptions to ehift 
their courses over and over again. Our time was far too limited; 
and we only saw enough of Le Puy en Velay and its fosnl r^ 
mains to convince uh that a series of eventa have occurred rf 
magnitude and wonder, that are only yet foreshadowed to tl» 
geologist who searches for its past history, among siltcd-up Ukef« 
ancient river beds, old granite hills, miles of lava torrents, and 
mountains of volcanic cinders and scoria. 

From J^e Puy to Vale. — There is a diligence from Le Pay 
through Pradolles to Langogne, a station on the lesotn 
Railway ; but we strongly advise the geologist to make postll 
or other equine arraogemente with our host at the Hotel ds 
Ambassadeurs at Le Piiy. and avoid the diligrocc. Arnu^ 
ments should be made also for bnrseiH to Im-^ sent on ; for nf 
companions, on a previous excursion a few months hflan, 
k found that the best vehicle at Pradelles was u wretched "ilw 
\ deradan," *' ami were dreadfully jolted over boneaetting rowk." 



We left at an early hoiir on a glorious Septemljer morning, and 
went along a steep road for several hours. When we had arrived 
at a height of about 1,000 feet above Le Puj, we saw a noblp 
view of the surrounding country ; but the liasin of Le Puy was 
clothed in a dense fog, out of which the summits of Coroeille 
and St. Michel towered like black island rocks. The great 
statue of the Virgin seemed to be looking over a still lake 
below ; and the little church of St. Michel might have served for 
a lighthouse on a dark night for those who voyaged over its 
waters. Soon the sun dispersed the mist, and the scene was 
changed ; the lake vanished, and was succeeded by a panorama of 
churches, houses, and the busy haimts of men. 

The road the whole way to Pradelles passes over volcanic 
masses overlying granitic rocks, which are here and there exposed 
to view. Wb pass from the grapes and figs of Le Puy on to a 
wild sterile country, poorly cultivated, parts of which are heathy 
moorlands. Volcanic outbursts have been erupted through older 
sheets of basalts and lavas, all the way from Pradelles nearly to 
Brioude ; but they have none of the characters of those of the 
Puys de Dome in Auvergne — no craters, no modem lava streams 
running down the existing river valleys. This volcanic region 
appears to be of more ancient dat« than are the volcanos of the 
Puys de Dome ; everywhere the craters are degraded, and the 
ashes and Bcoriss are spread about by denuding forces. There 
is one crater fairly preserved on the left, not far from the 
hamlet of Castaros, where we had sent on horses ; but the grass 
covers the interior, and we saw no signs of a lava current having 
issued from its river or sides. Pradelles is a poor place and 
very dirty, so we recommend a halt at Peyrebelle in preference. 
The coimtry round Pradelles is wild enough ; and that it was once 
wi Ider appears from the fact that Mr. Scrope coimted 1 50 volcanic 
cones about Prezailles to the N.E. of Pradelles. Before arriv- 
ing at Peyrehelle, the house was pointed out to us where a 
dreadfid series of murders were committed some forty years 
ago. The proprietor, Pierre Blanc, kept it as a roadside inn ; 
and when he found out that any of his lodgers were possessed 
of money he murdered them in their sleep, and, with the aid of 
his wife and servant as accomplices, threw their bodies down a 
pipe into a large oven, where they were consumed. At last 
they were detected, and were all executed, close to the scene of 
the murders. The oven has been taken away, and the pipe 
built up ; hut the house still remains, and a dreary place it la. 
The hostel at Peyrebelle is rough, with the stable and cowsheds 
underneath the salon and sleeping apartments ; hut we foimd 
the landlady obliging and the cuisine excellent, and I should say 
that a geologist might make this his head-qiiarters for exploring 
Bjlbe Mezen and the country round the sources of the Loire. 
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We are here od tbe plateau of PradelleSr which eeporatcs tk 
Loire and the Allier, and within reach of many iQt«t«tiaf; 
localities and beautiful scenery; while to ttie fishirnuia 
it holds out tbe choice of many Htreama, fidl of (joodly trout, 
within a walk — at least, so said our driver. Our r<ia(i lay by 
La Chavade, along; the flanks of the granite range on vhidk 
rises the Loire. The whole scenery is changed as if by magic, 
and we find ourselves in a sub-Alpine district, among gurp* 
and rocks and running waters. The road descends for eeven or 
eight miles in a series of zigzags, and we had an opportnnity of 
forming an idea of the disintegration of the granitic rocks ErwB 
the wear and tear of atmospheric agents. The previous Miauiur 
had been wet, and masses of granite bad fallen from the motiiH 
tains down the side of the gorge in heaps. At one place ahare 
the river the road had been carried away for many yarxls, anda 
large body of workmen were engaged in the repairs. We had 
to descend from our vehicle, and a day earlier our pasnge 
would have been impossible. Beyond this, fallen masaes by 
here and there in tbe road ; so this route, after a storm, ia not 
without danger. On our right was a river flowing (ar belinr, 
and across the valley rose granite hills — the source of the AOitt 
— covered with the great forest of Bouzon, still the haunt of tie 
wild boar and the wolf. Volcanic cones have in two or tltiw 
places burst through the granitic district near the souice of 
the Ardeche river, but have sent forth no lava streams into 
tbe valleys. 

The people of Le Puy have a habit of altogether ignodng 
the existence of Vals, where there are several excellent hoteb, 
especially the Hotel des Bains, and of recommeDdii^ tbe 
tourist to stop at Tkueye for the Montpesat and Jaajae 
scenery, whereas Vals is only six or seven miles tarthai on. 
One line on the accommodation at Thueys in the summei 
of 1875, from the note-book of Sir William V. Guise, may boa 
warning to the tourist: — "But how to describe the so-called 
hotel ! the dirt, tbe squalor, the smells of that most primi- 
tive of hostelries ! " And then there was an " extortionale 
hostess," and all the while comfortable and cleanly Vals a taw 
miles beyond. Still, Thueys is a place to visit from Vilify for 
it stands upon a great current of lava which has Iteon poured 
from a volcanic cone east of the village. The ooltuniu of 
liasalt are very grand, and nearly 150 feet in height Tbe 
river Ardeche has cut right through this basalt down to 
the granite below; and here, as in other localities ib Uiii 
country, we find the granitic rocks yielding much mor« eaalj 
to the flow of the waters than does the basalt. The river 6i 
now excavating the granite bank. The cone of Thuey is not bt 
from the volcano of the G-ravenne de Montpesat, but ie mwdi 



emaller, and lias no crater. Ita lava flowed into the channel of 
the Ardeche on the south of the granite ridge, out of which it 
burst; while that of the firavenne was erupted down the bed 
of the Fontaulier on the north of the ridge. In the Bummer 
the botanist should look for a good plant, Nothochlceiui viarance, 
which grows on the basalt above the nides ; as also does iSpi- 
ranthsa astivalie. Carduue vivarenvia and C'ephalantkera 
rnibra were found here, as well as in the crater of Jaujac, in the 
Eunmier months, by my friends Air. John Kent and Mr. Elmee 
Steele, who bbtanized over this district in 1874. When we 
were there in the autumn the base of the hills was clothed 
with Dlanthua hirtue, prolifer, and atvperbua j and from the 
same neighbourhood we gathered Taraxacum, gymnaidhus, 
ChondrUla juncea, and Borkhaueia fcetida. We here saw the 
CamberweU Beauty ( Vaiieaaa antuypa) flitting along the great 
walls of columnar basalt above the river. 

Vain is celebrated for its mineral springs. It lies in an 
amphitheatre of low wooded hills, and through the beautiful 
village flows the Volane stream, which is a tributary of the 
Ard&he. The source of the river Volane is among the granite 
mountains above Antraigues, and the most remarkable volcanic 
scenery in southern France. The time must come, when the 
railway is open from Montelimart to Aubenas, when Vals will 
be more frequented than any of the tbermo-mineral sources of 
La Belle France. The mountain streams are full of fish, for 
they are but little fished ; and we saw red-legged partridges 
and quail, and feasted on wild-boar hams from the forests on 
the mountains. The cuisine was excellent at the Hotel des 
Bains, and the horses were strong and able. To the artist, 
geologist, and botanist the surrounding country is aingidarly 
attractive ; indeed, it is extraordinary in more than one of its 
characteristics. The drive from Vals to Montpesat is about 
twelve miles, and is one of rare beauty and interest. We pass 
through the village of La Baume, which is itself quaint and 
interesting, and would serve as quarters for a few nights to 
those more active geologists who do not object to a little rough- 
ing. I would invite the attention of all geologists to a section 
on the right bank of the river, above the bridge at La Baume, 
and nearly opposite the ruined castle of Pourcheirolles. Here 
the columnar basalt, which runs like a vast wall by the river 
side, has been blown through by a " chimney " of volcanic ash 
and scoriae, evidently of later date than the outpouring and 
consolidation of the basalts. Higher up the river the Baume 
basalts may be seen, overlain by an ancient river bed. Some 
time since I threw out the suggestion in "Nature" (No. 317, 
Vol. XIII. ), that these volcanic outbursts and eruptions through 

jalts may have happened even in historic times; for the 



Archbishop of Vienoe, iu the lifth century, mentioiis tha 
occurrence of " frequent shocks of earthquakes," " fires oRm 
blazing," and "piled-up mounds of ashes," in this part of FnujcR 
The geologist will see along the banks of the ArdSche and otier 
streams an example of the power of swollen rivers in removinj 
large matises of rock ; indeed, nowhere have I seen liettei 
examples of transportation of rock masses Ity river Soods thu 
in this country. The ruins of a seignorial castle of VcntAdonr 
are grand as seen from the " chimney " just alluded to. Tht 
river bed has once been filled with a torrent of lai-a.; huttJM 
victorious waters have again excavated a channel to the fonntff 
level, and exposed the old river gravels, covered by the besdL 
Hills of red cinders rise among the granite rocks, whose base ii 
clothed with noble chestnut treen ; and the peasant tmtns ti» 
vine on the sunny slopes, little mindful of the " ignea soppo- 
BitoB cineri doloao." 

On the road to Montpesat is a small mineral spring calM 
*' Pestrui," which affords a sparkling chalybeate wat«r, vaij 
refreshing and agreeable to the taste. Large hampere wen 
being sent off filled with bottles of the " Peatriii eaux," cob* 
sidered excellent for gout and dyspepsia. Great quantities cf 
the edible fungus Boletus eduli^ grew beneath the cbestiuit 
groves. The peasants of the country are well aware of iti 
excellence, and consume it in great quantities. We bad a 
lai^e dish, garnished with fresh trout, at Montpesat^ whicb 
would have been highly appreciated at the fungus foray of tb* 
Woolhope Club. The local name is " Ceps de Bourgogup." 
Here, too, we saw two or three specimens of a beautiful green 
Mantis, or praying insect, and, though late in the season, t 
good many butterflies. The " Gravenne of Montpesat " riMi 
boldly on the left, with its red cindera, out of groves of chestnut 
trees and pines. The term " Gravenne " is derived from 
" gravier," or gravel, to which the loose cindery surface of the 
cone is not inaptly compared, and a neighbouring cone iecallod 
La Gravenne de Souillols. The crater from which the mass oS 
Bcorias and cindera which covers the side of the cone have been 
erupted lies on the side immediately above Montpesat, and 
the surface of the cone is strewn with granitic lUbrie blo«D 
out of the crater during eruptions, A lava stream has poured 
into the bed of the Fontaulier, which, below the ruined cartlc 
of PourcheiroUes, meets another lava stream coming down the 
bed of the Pourseille. The eiunmit commands a grand vit^ of 
granit« mountaine, profoimdly scored in deep gulUeii, wilb 
volcanic cones rising abruptly from their fianks. \o wurd- 
painting can do justice to the scene selected by Mr. Soropv fat 
his admirable illustration of the " Valley of MoatpewfeAMh 
I fX^l^taikto " Volcanoes of Cer*'- ' '^ns.n- 4M^^I 



■ the mined castle as Been a little below Mr. Scrope's sketch, and 
Bfrom the river, is quit^ startling, so grand and picturesque ia 
^bie surrounding scenery. The river runs through dark frowning 
^BiSs of columnar basalt, above which rise green groves of 
^bestnut trees, and on the left the red volcano of Gravenne. 
Hpien in front stand the ruins of the old castle, rising sternly 
Hrom what appears to be an island of basalt, but which is really 
^H peninsula excavated by rivers which How on either side. Then 
^Kgh above all rise white granite mountains, so white here and 
^Biere that you may fancy them capped with snow ; and behind 
^Bl and above all, the bright blue sky of the south of France, 
^Bo wonderful is the colouring of this scene, that Sir W. Guise 
^■as occupied for hours, and came away dissatisBed. I remarked 
Htere, as well as at La Baume, that the basaltic lavas had been 
^Hiifted in places by later volcanic outbursts — attempts to establish 
^K volcano, but which have foiled sometimes even to form a 
^■chimney." We cross to Montpeeat by a good britlge, and the 
^notions on the two rivers, aa seen from the castle, are very fine. 
^Vhe castle is perched on the extreme end of a peninsula of 
basalt, the point of junction of two rivers, the channels of which 
had been filled with torrents of lava, but through which the 
rushing mountain streams have again cut their way down to 
their former level, through the old excavated granite. 

The Pourseille lava stream was erupted from a volcanic cone, 
up a valley in the moimtains Ijehind the village — a wild hill 
walk, which leads to Burzet and the sources of the Loire. 

We were told that wolves were so abundant around Burzet 
during the war between France and Germany as to have become 
an absolute nuisance to the inhabitants of the mountain vil- 
lages. It was supposed that they migrated from other parts 
of France, and had taken refuge in the forests of the Ard&che. 
Several children were destroyed during the winter months. Of 
the habits of the wild boar the people appear to know very little 
excepting that they were beat to eat when fattened upon cheat- 
nuts. Chestnuts are here diatiDguiahed as " marrons " and 
" chfitaignes," the "marrona" being the finer. Sir William 
Guise's list of summer plants includea Silene rupeatris, Sde- 
rmtthua annuua, Cephalanthera rubra, and Dianthua ccEsiua. 
The expedition to Jaujac should be made so as to see both 
routes, viz. the one by the valley of Carboniferous rocks enclosed 
in a granitic hollow, and the return journey by the valley of the 
Alignon to La Baume. We quit the Vals and La Baume road 
about six kilometres short of La Baiune, at a point called Lea 
Mines de Prades. Coal has been worked here, but does not appear 
to be of much economical value, as might be expected from its 
position. The strata are highly inclined, and without doubt are 
ich crushed and dislocated. The cone of Jaujac, called *' La 
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Coupe de Jaujac," hae been erupted through tlie co«l meuire 
rocks, and has a large and perfect crater covered now «lli 
chestnut trees, but within which grow several good phint*, sut* 
as Dianlhus oteslu3, Cephatavihera rubra, and C'on.i;oivvi\ii 
cantabricus. Silene earifraga grows on rocks in the b«l <£ 
the Alignon. 

The village of Jaujac stands upon the Ia*-a torrent wliiti 
came down from the crater, dammed up the river Alignoo, 
and for a time formed a lake above. We were there od ■ 
Sunday ; and the people were all dressed in their b««t, Hm 
women at mass, and the men smoking and playing doniinoo» is 
the inns. The vineyards on the slopes of the hills between 
Jaujac and Thueys were clustered with grapes, which wen- 
being gathered, aud a well-dressed woman presented mo with 
as many as I could bring away. Here we met a priest, who 
addressed us oq the geology of the district, and who kne* 
Mr. Scrope and M. Elie de Beaumont apparently better than hr 
did the geology of his own country. The walls of columnar 
basalt at Jaujac are very striking, and are seen in contact with 
the old land surface over which the lava flowed. Very differcnl, 
too, is the quality of the land since the overflow by the basall. 
The decomposition of the la\ a plateau formsa rich generoiu K>il 
on which grow the mulberry and the fig. The granite is Bteriln 
enough, and requires constant aid from maniues. Walkioi; 
for some distance down the river, we could see that the thickuw* 
of the basalt could not be less than 1 00 feet, and we ohscmd 
that, in passing over bosses of granitic rock the lava had crystal- 
lized in prisms at right angles to the incliuauon of the surfacv 
over which the lava flowed. In this splendid river sectioa 
three points of geological interest are clearly to he seen. First 
the river Alignon flowed in achannel between gianitic iind (."ar- 
boniferoua rocks as deeply as it does at present ; then came tbf 
outbursts from the Coupe de Jaujac, which filled the old river 
bed with lava and dammed the river; then the river Bowed 
over the basaltic plateau, and since that has cut ila way dowa 
through 100 feet of solid lava to its present leveL Ou the left 
bank of the river helow the bridge there is a comer below the 
hill before ascending the pathway to Thueys which looks like 
a young " chimney," for the basalt is partially dislocated, sial 
there is a little outburst of volcanic sand. Below the village rf 
Kerac prismatic columns of lava may be seen resting on th* 
rolled pebbles of the old river bed, 

We went to Antraigues for the Coupe d'Eyzac, distant abnl 
five miles from \'als. The road follows the cntiree of the 
Volane river through a romantic gorge, which leads up t» tb* 
granite mountains of the Haute Vivarais. Thix valley diSef* 
from the otbers, inasmuch as the basalts appear to have InM 



at THE HAUTE LOrRE AND THB AUDI 

more denuded, for they are seen in patches of columnar lava, 
clinging, as it were, to sides of granite. The shingle of the old 
river bed is seen in one or two locatitiea on the right bank 
overlying basalt, and at an elevation of 80 or 100 feet above 
the present stream. The village of Antraiguea ia very pic- 
turesque, situated on a lofty rock, at the foot of which Sows the 
Volane in a deep rocky channel. On the path leading up to the 
Tillage stands an isolated rock, about 30 feet high, of twisted 
basaltic columns, resting on granite. This rock is a most re- 
markable monument of the denuding powers of atmospheric in- 
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It is evident that the basalt had flowed into a fissure 
D the granite, and that the granite walls have since been denuded. 
It is known by the name of " Le Pain de Fromage." The 
crater of the Coupe is broken down on one aide ; but the hill 
well repays the ascent, for the view commands the Coiron 
range, and we can see the capping of basalt from the point where 
it was poured out from the granitic base near Le Gna, to flow 
away in the direction of Privas, where it covers Jurassic and Cre- 
( rocks, in widely-spread plateaux. On the othfr side 



Aubenas glistened in tbe sun, and we thought we saw the Alp 
of Dauphine dimly through the haze. 

Aubenas is situated on a lofty eminence above the ArdSiM 
■which flows far below, and is croaaed by a stone bridge. Tie 
prospect from the parapet in front of the great square il 
wonderfully extensive, diversified as it is with woods, vill^«^ 
and cultivation ; the Coiron range, capped by Ijasalt, jmt 
opposite, and lofty granite mountains rising to the north, Tht 
brown old town has quit« a mediaeval aspect, and &om its sitw 
tJon must in olden times have been a stronghold. The Hibt 
de I'Union is the beat, but very inferior to the hot^^ls at Vak. 
There are, however, diligences from Aubenas to all parts of tlw 
surrounding country, so that the geologist may easily stait by 
one of them at an early hour in the morning, and walk bsck 
The opening of the railway to Mont^limar will much ( 
tate the exploration of this country by naturalists On Um 
right of the road in ascending to Aubenas we see sections rf 
Jurassic rocks. These rocks are of Liassic age I believe, bat 
saw no fossils. They are traversed by a dike of augitic gntm^ 
stone which forms the summit of the hill. 

From Aubenas to Montelimar the scenery changes altogetlKri 
and nothing can be more different than is this drive as cos- 
pared with the scenery of Jaujao and Montpesat, yet mat 
interesting to the geologist. There is a grand seotion fl( 
Jurassic strata across the Ardeche, very similar in mioenl' 
ogical appearance to the Lima beds of the Lias ; and, as tbe 
ascent is of long duration, we had several opportunities rf 
looking for fossils, but found none. 

Between Aubenas and ViUuneuve de Bere, we had an oppor- 
tunity of observing the way in which masses of basalt strewed 
the plains ; every wall is built of them, This tW^ns is a relie 
of the denudation and degradation of the escarpments of tba 
Coiron hills wearing backwards. Beyond Villenenve we ban 
fine views of the great headlands of the Coiron mountains, and 
their dark cappings of basalt, the source of which we longed U 
investigate from Vale, but were prevented. Mr, Scrope believed 
that these basaltic currents flowed from the Mezea ; but there 
one or two objections to that idea. There is no basalt whatev« 
overlying the granite for several mites, between a place called 
Le Gua, north of Antraigues, and the volcanic eruptions am 
the sources of the Loire. Again, Mr. Scrope mentions that tha 
well-known land-shell, Cyclostoma elegant, has been found in 
old land surfaces iraderneath the Coiron basalU. This doesiMt 
look as if the Coiron basalts were as old as those of the Memt 
Be this as it may, the geologist cannot fail to le struck willi tfc* 
lapse of time indicated by the erosion of vast masses of >te 
the effiectA of frosts and snows, rains and riverttW 



of Coiron flowed over a great plain of secondary rocfca, which 
abutted againfit the granite, and protected it from denuda- 
tion. Since that period great valleys have been excavated, 
and the oonfigui-ation of the country has been entirely 
changed. We saw in several places the excavations of the rail- 
way from Mont^limar and gathered on the limestone C&iUav,- 
area canilescens and aspera, jScldnopa llbro, and Campanula 
media. Leaving on our right the ancient city of the Helvii, 
Aps, our laat view of volcanic rocks was the Roche Maure, 
which in 1751 led MM. Guettard and Malesherbes to the dis- 
covery of the volcanos of Auvergne. What changes have 
happened since those days ; what progress in geological know- 
ledge! The "Principles of Geology" had not been penned, 
and the tertiary shells of the Apennines were supposed to be 
the scallops of the pilgrim. It was dangerous to doubt the 
feet of a universal deluge, or that the world was more ancient 
than some 6,000 years. The older rocks were but a chaos, and 
no Lyell, Sedgwick, or Murohison had appeared to throw the 
vigour of a lifetime into a labour of love. Yet the investiga- 
tions of the geologist are inexhaustible ; and among hills and 
valleys the most romantic, in beautifiil southern France, where 
the wild rose blossoms on the red cinder of the volcanos, and 
chestnut forests cluster at their base, there are problems to be 
solved, and shrouded fossib to be disinterred, which shall yet 
throw light upon the extinct volcanos of the Ardeche. 





THE study of prehistorio archaeology, though compantiTelf 
one of modem origin, haa made rapid strides tovwdi 
Bystematic development and clagsification during recent ymn. 
The probable chronology of the earlier races of mankind hu 
been so far examined as to admit of the definite gruiipin^ « 
arrangement of their relics into periods of greater or Ims dim- 
tion, and of more or less defined limits. Tlitis it lia« been noog- 
nized, after much controversy, that the drift gravels of lira 
valleys, and many caves and rock shelters, contain stone imnl^ 
ments coeval with the remains of the Mammotb, BluDocen^ 
Cave Bear and other animals long since extinct. Tfae», at 
which the St. Acheul specimens offer the beet known enm- 

ples, bave been denominated Palaeolithic implements rough 

chipped tools of old time. Next to them in order bave beeo 
placed implements of higher art; those of polished stone, of tlie 
Neolithic age. After this came the bronze period, wliai 
metal took the phice of stone ; and this was soon followed by the 
age of iron, the first days of which overlapped that of braon 
Its early dawn was prehistoric, its ripe manliood modem. And 
so rapiti was Imman progress when the metal more difficnit ta 
work, and requiring more skill in ita mani]>uIation, iH-gan at 
last to be generally used for warlike and domestic pur]xi^.s tint 
the iron man soon ceased to have no other records than t.lio» of 
the implements he manufacture^l. Iron man soon oeased (« be 
prehistoric. 

But there are other relics of human handiwork, l^sa deJiml^ 
than those of the three great ages, into which oarly lumiu 
history has been divide!. These may be classivl a* " surftcf 
finds ; " for they are the probable result of merely '■MaponiJ 
occupation of certain sites for brief periods of time. aBLiiw/ 
belong to any age. The amount of skill evidenced bN|> J 
rough remains found in these cases is the only guide as to tha 
antiquity j though even then the degree of excellence is not 
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certain test, for Bome tribes may have been more able than others ■ 
in the manufacture of t#.mporary tools. No highly artistio 
weapons are to be found as a rule there, for the wandering 
families would retain with them their more valuable implementa; 
and these ancient camping grounds were occupied apparently 
only for the brief balta necessary for rest and repose, so that the ^ 
duration of the stay would be too brief to admit of much careful I 
work. 

Polishing and skilful finishing of tools is the resiilt of time 
and continuous labour. Even if better implements of bronze, 
or iron, or polished stone were carried by a nomad tribe, these 
would be all too valuable, too precious, to be used for the ordi- 
nary occupations of life. "Surface finds" may belong to the 
Neolithic, bronze, or even iron ages ; for the travelling bands or 
families halting for the night at some favoured place would be 
able, in most localities, to iind rough flints, out of which rough 
flakes for knives, rough tools for work, rough " strike-a-lights " 'I 
for fires might easily be made. If there were any doubt in the ■' 
mind of the head of the household, a very few flint stones 
carried by the women or children thereof, mould enable the 
necessary implements to be fashioned when the camp was 
pitched. So that scattered in patches over vast areas of country, 
on the old lines of road or communication, the sites of old camp ■ 
fires may be marked by flint-chips and even rough implementB. I 

In the southern part of the valley of the Thames, between the ' 
river itself and tbe Guildford hills on the one side, and the two 
great cities of Londiniiim and Silchester (both prehistoric sites 
of occupation, one being the capital the other the centre of 
tribute of South-eastern England in Eoman times), on the other 
the traces of successive occupation are common. In the valley 
of the Thames are remains of animals, long since extinct, buried 
in gravel beds marking different levels of the river. Elephant 
and cave bear, hyena, and the great Bos pnmigenius drank of 
its waters in old time. In its higher-level gravels have been J 
found, in places, true Paleolithic implements. Over this area, ' 
crossed as it is by Roman roads, marking old lines of communi- 
cation, prehistoric tribes, tribes of Saxons, and Roman legions 
have passed and left their trace. 

Upon Easthampstead plain is a tumulus that contained 
implements of polished stone and rough pottery. On the Hart- 
ford Bridge flats is another. Near it was found a fine polished 
celt, now in the possession of Mr. Raikes Currie. At Wickham 
bushes, near Broadmoor Asylum, are fragments of old tiling, old 
pottery of Romano-British or Saxon work. On the road be- 
tween Vork Town and Frimley, at the foot of Prance Hill, were 
dug out at a few feet below the surface, Romano- British 
cinerary urns. In the gra\el of Reading, at the junction 



of the Thames and Kennot, pome twelve feet down, wat dit- 
. covered a Saxon javelin of iron, the relic of an iron age, tint 
of invasion and thirst for conquest. The barren flato of tin 
Eastern and South-eastern highlands of England abound in mA 
history. On the great Roman road between Silchesler asd 
Windsor was found a Roman statue now in Mr. WateteA 
garden, at Bagshot, through which the road ran. And imt 
this land, bo often traversed hy successive races, " surface findi' 
are common. Near the Staff College in the Wishmoor Vallg, 
farther down the banks of the rivulet that drains it, all alo^ 
the slopes of the Hog's Back, near Guildford, by which the grat 
line of traffic from Southampton to London and Canterbury m 
carried, " surface finds " in perfectly defined patches are to to 
found by those who seek. 

Now what are the signs of the existence of an early race ? 
First of all we must remember that, speaking 
the old lines of traffic are used still. Newer ones may have 
made since, as forests were cleared, morasses drained, and n«» 
bridged ; but the old roads leading to fords that existed tha 
and exist now, old road lines occupying the dry high lands oier 
the ill drained low lands, still mark lines of intercommunicatioo. 
Modem sites of occupation are frequently old ones too. Our 
ancient ^-illage churches indicate old centres of habitation when 
British villages or pit dwellings once existed. 

Our first requirement, then, is the old line of traffic or trade. 
Next reduce ourselves to the condition of a savage. Assume 
for a moment we had no house or shelter, no utensils of any 
size to carry water, the roughest of coverings for the feet, the 
moat primitive garments for the body. VTiere should we seek 
to camp under these impleasant circumstances? On dryland 
near water firstly. Out of the cut of the east wind, imder the 
shelter of a bill or wood next. Human nature was much the 
same then as it is now. Such comfort as those early days oouhl 
give would certainly be sought for. 

And BO we find the local habitations of prehistoric man. Mere 
surfiice collections of broken flints ; but still they are hrokrti 
with intent, and the flakes are numerous, and similar in character. 
Even more than that, they are in purely local groups. 

Enter a large field that may seem to be promising and ta 
fulfil all the conditions required. It may be full of brokot 
flints, plenty of questionable fragments may lie near you ; but it 
is probably only in one small area, such as the circuit of a cftinp 
fire, that abundant traces of human work may be found. 
Genenilly they were mere halting places on the line of march. 
Rarely on the road itself, but, as a rule, under shelter Irom 
weather and away from tlie track on which, at night, 
might be on the watch. 
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On both sides of the Hog's Back, about Guildford at tie 
outcome of the .Lream., dose to the ancient vSiC of ^ 
Farnham, Puttenham, and the old manor of "K3 
be traces of c^rly peoples he thick in the flint dak«!»d 
tools that extend over certain Imiiied areas there. Even the 
soil in these same areas is darker from occupation, and Mr 
Kerry has found this sudden local alteration of colour to bei 
nearly in&llible indication of primasval camps. 

At Bob's Mount, near Reading, on dry land overlooking lie 
erstwhile marshy valley of the Kennet, seemed a probable ate, 
being near water, and having a corrupted ancient name. S«*Ki 
at once revealed numerous flakes and cores. Exearation at om 
pointresulted in the exhuming of a Koman amphora. It badlieiai 
for generations evidently an ancient halting-phtce. At Odilam, 
as will be seen by a glance at the map, are the springs uJ 
sources of one of tlie tributaries of the Loddon : near it is (be 
village of " Wanboroiigb,'' and the relics of a medireval castle. 
Of course there were implements and flakes there, for es«y- 
thing pointed to old occupalioa. A main road to Basingstoke, 
an ancient namp-, abundant water sprmgs. Primitive man bad 
used it ; S&sons had left Hi*''' ^■^'^^ "'^'^ '• *''^ Normans had 
seen it* value, and had built a b^ep that checked the army of 
the Dauphin of Frai.«s «"^ '■^''^ ^VIV^^- J^T — ' 

But what have the wwietit pwplf left behind them i 



They are indicated in PI. IX. First and foremost are 
6 cores from which the flakes have been struck. These are verti- 
cal, merely for making flakes ; pyramidal for the same purpose 
or to be used as wedges and even rough heavy scrapers ; some of 
the former pattern seem to have been definitely fashioned for 
smoothing down stakes for stockades or spear-shafts, the ends of 
which may have been previously charred by fire. The ends are 
left round so as to be held in the hand, or pointed to fit into a 
socket, but the other extremity is, as Dr. Gillespie first noticed, 
again broken across by a sharp blow at an almost constant angle, 
and the edge here bears marks of wear. In his paper read 
tiefore the Anthropological Institute he says that in this form, 
commonly known aa the " hoof core," the angle was exceedingly 
constant at 70°. "Out of the 100 cores which I examined 12 were 
double-ended, 35 were bevelled at an angle of 70° as near aa 
posaible. Id at 75°, 24 at 80% 9 at 65°, 5 at 60°." Thus cores 
for flakes, and " hoof cores " for tools, are always to be found. 
Then there are the flakes themselves. These are generally 
triangular in section, often rhomboidal. The sides bear mar^ 
of wear : the ends are often rounded as " thumb scrapers " to 
dress skins, pointed for boring holes, or to be used as rimers, 
or notched for finishing bone needles or completing arrow and 
spear shafts. But there are numerous fragments too. Some 
are rough bits knocked off in getting the flat table-end to a 
block of flint, whence long flakes were to be knapped. Others 
dressed roughly on all sides, without apparent intention, except 
to render them somewhat circular, may have teen " throw 
stones," or sling stones. But a most common type of all is the 
" briquet," or " strike- a-light." They oan he recognised at once 
by their similarity of shape, and by the equally similar marks of 
wear to those on the ordinary smoker's stone of bis flint and steel. 
Rough sometimes on all sides but one ; but on that the edge is 
chipped into a rounded form, on which there is much minute 
scalloping. They are thicker than the ordinary fiake, are 
smaller generally, are roughly round, oval, or square, but always 
with one flat side and one even edge. Lastly there is the 
implement itself, the stone-chipped celt. These are naturally 
of a higher degree of art. They have not, as a rule, been made 
in the place where they were found, but have been brought 
there by their former owners, as the nature and character of 
the flint will tell. But they, like all tools, have worn by use. 
Repointing his axe by the evening fire, primitive man has often 
made a false stroke and broken or damaged his stone weapon. 
If in his opinion useless it was tlirown aside like a broken knife, 
BO that the axes found in these places are always well worn and 
maged by an attempt at repair. It is the same with the 
R>w-heads. They are much used, and having lost their sharfH , 
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e aod point are too small to re-chip. The useless barb, lik« 
a brokeQ needle, was thrown aside. All these tbings may Iw 
expected, and most are found on the sites of the " surfiio* 
Tnds." 

Nov they are rarely discovered in any number, strangdy 
enough, in the old earthen entrenchments, or so~called Cffiair'a 
Camps," of southern England, and there seems to be a ~ ' 
reason for it. These occupy lofty sites, good posts of %-aat8ge 
for defence and obaervation, but the water supply must M 
faulty ; the expostue is certainly unquestionable. 

Fancy Archaic man, shivering in his coat of skins, on Hie top 
of one of these fortitied hills, with the bottom of the nei^boiir" 
ing valley to go to for a draught of water. 

These great entrenchments, which are certainly not Roman, 
and may well be deemed prehistoric, woiJd have a much gresl«i 
raieon Wetre if we imagine them to be the keeps or citadels of 
the neighbouring villagea, to which, aa in feudal times, all coaU 
gOjAocksand herds, women and children, when danger threatened. 
JTakes would be rare there, then. There would be little time 
for peaceful amusements. The camp fire would be surrounded 
by anxious faces, too interested in outside matters to indulge in 
pUy. 

Most of them are places of temporary, not permanent, oocu^ 
pation, and hence it is that relics are rare ; for few of the en- 
trenchments have good water-supply, and flocks, herds, and 
people would soon exhaust it, and render a speedy return to the 
watercourses absolutely necessary. The tribes did not live iitat, 
but only took temporary shelter, and this need have been hrie^ 
for even the assailants must disperse in search of food, and in 
all probability if the first attack failed they withdrew. 

Where the fortifications surrounded actual village sites tbe 
conditions would be different, and the usual discoveries mig^ 
be made ; but the camps on lofty hills coidd not hare been aia 
rule held for a lengthened period. Tbe quantity of implemeoti 
found in the Cisbiuy Camp need offer no exception to the rule, 
for the entrenchments were built on the pre-existing site of oI4 
quarries where flint had been dug for tools. 

No traces can be found in surface-finds of actual dwoUtilgli 
nor of the exact way in which the tools were held or haft ed. But 
some ancient weapons have been found in other places with tbe 
old handle still fixed to them. Modern savage life again fumiflia 
another clue. They were generally inserted in a cleft stici. 
sometimes vertically as a spear, at others in a curved branch, 
like an adze or pick. Doubtless withes, or strips of skins — the 
latter especially, as if tied wet they would shrink and lighten Of 
the tool — were commonly used, and even in modem wespotu 
there ' dication that such was really the cose. Ualsy 
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! often have in the metal at the base of the blade the 
mark or cast of the cord which fastened earlier weapons to the 
handle. What was once a necessity has become merely an 
ornament, and the survival of the idea is all tliat is left of the 
more ancient plan. Powerful weapons tliey were in the hands 
of a strong man. Heavy bLwa could be struck for offence and 
defence. From the Lincolnshire Fens came the skull of an 
ancient Bos pierced through the frontal bone by the stone axe 
of primitive man. 

It is not difficult to distinguish between the true marks of 
wear and those produced by accident ; nor need the chance 
fracture of a stone into a shape resembling the true relics be 
confused with the ancient tool. All real flakes, atruck with 
intent, have one flat side marked by a rounded bulb at the end, 
the other sides being more or less numerous, though as a rule 
the section is triangular. When these have been used for 
scraping, either from right to left, or mce versa, the natural 
tendency of the operation would be to break off small fnigments 
on one side of the used edge, leaving the other still unchipped. 
Accidental crushing would certainly be likely to create fine 
chipping or shelling on both sides of it. Intentional work 
rarely can leave traces on more than one side. 

So with the implements. A true edge to a tool fashioned 
&om material that breaks with a conchoidal fracture could only 
be produced by blows struck alternately on either ride, thus 
forming a series of alternate scallops, giving a wavy edge. If 
the concavities were opposite to one another, as they generally 
are in accidental forms, and in by far the greater number of 
forgeries, a blunt crushed edge, incapable of cutting, would 
alone be made. All true flint workers, and notoriously those of 
old time, have recognized this. Nature's processes rarely con- 
duce to a similai- result ; her work is nearly always irregular, 
but man's labours are characterized by regularity, and have a 
definite intention aliout them. 

Natiue, the grand instructress, wiU furnish a handful of use- 
fill though inferior tools from any gravel-heap or pile of (Ubria. 
She can make implements, and make them very badly, too. 
No two of them are alike. None quite the thing. Hiunan art 
and thought can alone produce similarity of workmanship. 
Nature may clumsily provide stones that could be used as 
weapons, but she does not make many, and even they are clumsy. 
Nature can fashion, or wear, or weather a rough rock pinnacle 
into the feeble semblance of a hiunan face or form. Human 
art and intellect can see in and produce from the living rock 
the noble statue, or the speaking bust. Nature never shows ua 
two flowers exactly alike. Art can give facsimiles of any given 
type of human handiwork, for in the results of man's skill there 
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IV7 VDifced iar their own time, satisBed to do tbe work tiiat 
jinw^rt them best well, and left to future generations to accept 
lAat «aa good and reject vhat was bad in it. So witb thii 
atnilf, one jet in its iniancy even now. The most interesting 
Btudj of mankind is man. All history is useful as teaching ns 
lew<nis of what bas gone before. Here we have traces of very 
ancient history indeed. Weak as the traces are thejtell some- 
thing of man's early habits before written records took the place 
of stone. 

Then, again, even the value of a study should not always be 
measured even by its practical usefiilnesB. In that charining 
book which all hoys either have, or should have, read, 
" Eve-nings at Home," there is a story entitled "Eyes and no 
Eyes." It tells how two lads went in different directions for a 
walk and one returned with body exercised, it is true, but with 
irested JurifekWlT rest mind can have — change of 
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^■ougfat ; the other has seen the beauty of the flowers, the huhita 
^H the birds, the great glorious picture that grand old Nature 
^Kiens to those who love her. Which ia best or even most 
^Kactictd ? To have & pursuit, even if it he but the study of 
^Bnt chips, or have no other resource than that dreariest of all 
^Klll things, a mere " conrtitutional " walk. Average eyes by 
^BBearch and examination become comparatively microscopic in 
^Bbeir power, and in seeking or searching' for analogy between 
HKnt toob we may learn to understand better the shape and 
Hbrm and usefulness of other things too. Eye-training is mind- 
^pBJning also, for they must work together ; and our woods and 
^■Uren hill-tops, our valleys and plains have a fresh interest and 
^■fi-esh light thrown on them if there can be found traces of 
^bman occupation to show that others, too, had loved tliem, 
^Wiers too, bad seen their beauty before Greek or Roman had 
^nt beyond the age of Neolithic man. " The mind like a knife 
Hknckly rusts if not used. Unless the eye is trained to see, it 
HecomeB dim ; unless the ear ia trained to hear, it gets dulled ; 
Tnd this is why so many, careless to sharpen their wits on the 
whetstone of outlook and thought, enter into life and pass away 
&om it, never knowing in what a world of beauty, bounty, and 
wonder they have lived." 

Lastly one study so leadw t<i another. An examination of the 
surface of the gi-ound would lead moat people to wonder whaf 
there was beneath it. The stone axe driven (irmly into the head 
of a Bos prvmiyenius, such as was found in the Lincoln Fens, 
must direct attention to tbe question of how the skull was de- 
posited where it was found, and what were the physical conditions 
of the world in old time. Prehistoric archeology and geology 
are so closely allied as to be in some cases inseparable. Is 
geology of no importance ? Can any knowledge of this grand 
imiverse around be considered valueless ? What is good and 
rital and useftd in any study will live ; what is of no value will 
pass away like last year's flowers, which, useless as they seemingly 
were, gave pleasure and interest to some in their brief ejistence. 
Longfellow once wrote of a man of great scientific knowledge 
and repute — 

Natnre, tlie old aurae, took 
The child upoa her knee, 
Sajing-, ■' Here ia n storj-book 
Thy father has writleu for thee." 

" Come wander with me," she Eiud, 

Into regioua yet uatrod, 
And read what isstill unread 
In tbe maniucripte of God." 



And he wandored awny and avay 
With Nnture, ihe dear old nurae, 

Who eong to him night and dn; 
The rhymes of the univerae. 

And whenever the way seemed long, 
Or his heart b^gan to f^l, 



EXPLANATION OF PLATE DC 

The plat« ia de^if^ed to show the set of things that may «lvnj% or 
nearly always, he collected at the tempiipary haltiog-places of early races of 
mnakind. They consist of implementa (o) with n truu wavy, and therefbie 
cutting edge, very dilTorent from the similarly shaped stone (A) which liasa 
crushed edge, and is therefore either a forgery or has been the reanlt of 
accidental and not intentional shaping-. The flakes (o) may eiiber tw 
triangular or rhomboidal in section, and, lihe these two, unworn, hating 
heen merely knocked off in fashioning a tool. But they may on Iho other 
hand have been used for work, and then the marks of true wear (d) will be 
distinguished from the " crush " wear (e) by being on one eHn of the eigt 
rather than on both. The cores may be of different shapes (aa y, ^, A, i), 
while those with tower angles, produced as in the "hoof" cores (A), or (i) by 
striking oiTa fragment of tlint after the core has been made roughly cylindrieil, 
frequently bear marks of wear as if they had been emplojMl as rOBgk 
chisels. The briquets (k), or strike -a-lights, are thiok oval pimrea vt IUb^ 
with one edge worked somewhat round, and one dde nearly flat. 
on this, that the material urad as Under is held. Some <jf the irtegnUr 
pieces (I) have a rough cutting edge on one wde only, the other ' ' 
round so M to be held in the hand, while many flakes are worked for sp«eial 
purposes, such as long " thumb scrapers " for skin-dree^ng (ni), noteliad 
scrapers (ii) for iirrnw-fasbioning, piercent or timers (o) for making the ey« 
in bone needles, and circular scrapers [p), which are large oval (qeeta tf 
flint much thinner thitn a briquet, but bearing marks of wear all tnuiid. 
There is not much difference between these two forms, save that the M 
being thinner is better calculsted for the worlc 



THE SOWa OF THE CICADA. 

Bi JOHN C. GALTON, M^., F.L.S 
[PLATE X.] 



" SiiSBen Friihlings siuser Bote 1 
Jb, dich lieben idle Mus«n, 
Fhiibug eelber muss dich liebea, 
Gaben djr die SH berslt mm e.''— Goethe, 



" The Cicada, people of the jiit 



wng of the Cicada * has been familiar to man from the 

most ancient times. Among the Greeks this insect was 

the object of a veritable "oultus," and for the enjoyment of ita 
song it was imprisoned in a cage, just as are tlie song-birds of 
more modem times.l A Cicada sitting upon a harp wa» the 
emblem of the science of music ; for the story goes that, when 
the two rival musicians Eunomns and Arieton were contending 
upon the harp for a prize, a Cicada, fljing to the former and 
perching upon his instrument, supplied by its voice the place of 
a broken string, and thus secured to him the victory.}: Anacreon 

* The Latin name ciaidn is dcnTed, according to Beckmntiu, frnmthe 
wurd cvvni or ciccum, "a thin ekin," ttnd aSiiv, rignilyiiig' a auund produced 
by the niotidn of h pellicle, Otbere derive it from the i^itin words cita 
cadtit, imptTing that tbe insect soon vanishes, is short-lived. Westwood'a 
" ClaMifiaition of Insects," Vol. ii, p. 421. 

t Such is BtUI the custom in China. Thia cau hardly, however, be ac- 
cepted as a criterion of musical taste, 

I "Kirhyand Spence's EntomolofTV," Viil. ii. p. 403. Winckelmann, how- 
flver, the celebrated German art critic, makes the statement (" Versuch einet 
Allegorie," Werke, Band II. s. 530), that an indifiereat bard wm symbolized 
by a Cicada. This, however, he appears further on (Ibid. s. 548) to coa- 
tradict by wyinR that Music is represented upon coins of the Mt': 
Arcadia, where, according: to the testimony of rolybiiiB, it was prnctieed 
mote tbao among nil the Greeks, by the $ame insect In an editnriiU foot- 
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has dedicated to this insect one of his most charming odos.* Hb 
there exalts its laelodioiis voice, reverences it as tJic sweet hai- 
binger of summer, calls it the "friend of the Moses," and, 
finally, places it in the rank of the gods. 

The Latins were far from sharing in this Greek outhusiasm. 
for Vij^l t accuses it of bursting the bushes witli it* hawli 
and deafening song : 

Et cantu queiulm rumpeut arbusta Cicadie. 

In the South of France its song is held in but slight esteem. 
As for the northern provinces, they do not even know it, for thej 
mistake for its music the cry of the large green grasshoppvr. 
This error has been committed by the great French fabiJist La 
Fontaine, who speaks of the Cigale as chanting aU the gummer, 
day and night. The artist, moreover, has drawn a gra-ssbojiper 
to illustrate the first fiible of this celebrated humourist. 

Leaving now the domain of imaginntion and poetry for that 
of prosaic fact, we will direct our attention to the mecbaoism 
of the cry of the Cicada, be this regarded as musical or the 
reverse. Aristotle knew that the musical organ of this inswrt 
lay in the abdomen, and that it was, moreover, peculiar to tho 
male Bes4 The latter fact, too, was familiar to the poet 
chns of Rhodes, for he sang, in not very gallant strain 
Happ; the Cicadas' lives, 
Siuce they all have voit^Iess wive>.{ 

But to the naturalist Reaumur must be conceded tha 
of discovering the sound-producing oi^n, the drum — " la tlm- 
bale."|| Unfortunately, this illustrious observer was not nl>la 
to dissect living Cicadse, and his attention — directed to a fimd^ 

note to the 6rat-quoted passage, it ie further stated that iipou a vaae of ' 
earth io the rich collectiou of the family Viveiuio, in Nolo, them i 
humorauB reproBentalion of a poet plaeiog id the flickering flame of n 
altar his lyre, from the strings of which eome Cicadro are Bpiinfnng. 

"According' to Pinto the Musea tnuiaformed iatn Cicadte Ibe 
mnuBed themselves by ainging, and were so absorbed in that occiiiialJen tk^ 
forgot to eat and to drink." De Gubemalis, "Zoological Mythology, 
vol. ii. p. 223. London, 1S72. 

• 0d6LXIII:"E«r(Tr(yo." Tbishaabettn beautifully rendered bvOoetba 

t Georg. ni. 328. 

I " 01 TCTTiyic. IIuiTa S( Tavra ^(j)ti r^ vfUn r^ ^"^ ^ vtrofafMi, In* 
di^liirai, otov riiv Ttrriyar ri yiyos rp Tpl^fi tov wvtvuarot." " Da Aldl 
lium niitoria," Lib. IV. cap. 0, § 3. 

5 The original, which is from a fragment — VIINOS — ia ta follow*^ 

Ect' 4ltf\v HI Trmyrr ovk tvtalfitHHtj 
tir mil yi'Voiflt' oHf onoif ijivtift tn, 

m pour aervir a I'hisloire des Iiiaei^tea," Toin« V.j 
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ital point — was not sufficiently calU^ to aecessoiy part^ 
inqoired into the connection of the af^iaratud of song with 
that of respiration." He show^ that the interior of the abdomen 
forms a considerable air-chamber, and records the diwoveiy of a 
pair of stigmata which enable that ca\ity to communicate wilfa 
the exterior. Colonel Goureau, in an essay npoa Stridulation,t 
only just touched upon the Bnhject ; but his memoir wa« com- 
pleted in the same yeiu' by M. Solier.{ Dug^ j announced the 
existence of the tensor muscle of the drum, but il. Carlet — Pro- 
fessor in the Faculty of Sciences at Grenoble — the author of a 
very recent memoir || to which we are indebted for the main 
facts embodied in this article, has searched for it in vain, and 
hopes to demonstrate conclusively that it haa no en*tence. 
Doy^re, in the Crocbard edition of the " IWgne Animal " of Cimer, 
gives figures of the vocal apparatus ; but they are incomplete, and 
the magnifying power is not sufficient to show the details.5 
Besides this, they only represent the exterior of the musical 
organ. M. Carlet has recently contributed two notes to the 
" Comptes Bendua," "• one upon the stigmata of the Cicada, the 
other upon a muscle of the musical apparatus, described under the 
name of tensor of the folded memirane (" membrane plissee "), 
which will be studied in detail further on. 

As regards the question whether the sound produced by the 
tcada can be properly termed its voux or not, Aristotle laid 
the principle that those animals alone which respire can 
said to have a voice ; and as he believed that insectn did not 
respire, they, according to him, only produce sounds.ff Eeau- 
mur states, on his side : " If we give the name of voice only to 
the kind of sound produced by air driven out of the lungs, and 
which, on its exit from the larynx, is modified by the glottis, 
insects have no voice. But if we believe it to be necessary to 

* Ueber die Stimminerksevge dtr itoiidntachen Cicaden, " AimlelcteD Kur 
Naturwissenschaft uod Heilkuude," 1829. 

t Eisai air la Strididatum del IntecUt. " Annales de la Soci^tS Entomo- 
logiqne de Prance," Tome VI., 1837. 
B^ J Obeervaiioru mr quefquet particuiariUi de la Stridntation des IiuecUt, et 
^mtparticvlier tar le Qiant de la Ciffale. Ibid. 
• J " Traits de Physiol(^e eompsr^," Tome H. 1888. 
' II SurVAppareilmtaicttlde la Cigidt!. " Atmales dflsScieDcesNatureUes," 
6*" B^rie, Zoologie, Tome V. 

H Ineecta. PI. ilv., iaga. 2,/, 3/ ; figs. 4 and 5 of the pl«t« iUuatradng 
this uticle. 

** fivr tAppareil tnutical de la Cigalt. " Comptes Bendua de rAcadfmie 
dea Sdencee," 1876. 

tt "*oini niroi* oiittfTitt oXAuf /topiWouBti' jrX^i-T^ ^ilpuyyi ■ fluj wu 
«X(i n-Ht/iora, oiii ^Siyyrrta." " Ue Animaltmn Historia," Lib. IV.f 
i.9,il. 



give more extension to tliis term, if we agree that all tie iuna» 
^' bruits'), that all the sounds (' sans '), by means of which aniniali 
induce those of their species to perfonn certain actions deserve 
the name of voice, tien we shall find as regards \-oice among insects 
and the organs of that of the Cigale, that they will \te well -wortiij 
of Dur admiration." 

Dugfis proposed the word " stridulation," which has ainoe 
Itecome classical, to designate the sound caused by the vibr&tion 
of solid plates ; but he reserved tlie name of " voice " for that 
produced in a larynx by means of expired air. But in the* 
days it has been fiJly demonstrated that in the act of phonation 
it is the vocal chords which form the WbraUng body, while tie 
current of air ia eimply the motor element ; the cavities of the 
pharjTix and the thorax acting as a veritable souiiding-lHis. All 
these elements, then, are to be found in the musical appaiatns 
of the Cicada, the vibrating body being there represented liy the 
*' timbales," the motor agent by the muscles of the " timlnJes," 
and the sounding board by the cavities of the thorax and abdi^ 
men. In both cases, then, it is a vibrating membrane which 
produces the sound ; the sole difference being in the fact thsti 
on the one hand, this membmne is set in motion by a current of 
air, while, on the other,_it is put in vibration liy a m<it>)r mnsde. 
From this it follows that there will be no incongruity in pr^ 
serving the name S07i.g to indicate the vocal manifcslatiotts of 
the Cicada, although, scientifically speaking, the fern s/rtdtJa- 
tion would be preferable. In the neighbourhood of GreDoUe 
the Cicadte usually sing from the season of the flowering of the 
vine until the second week in August." The Cicada hoitmiiodet 
is the first to appear, but does not sing much longer than tlt« 
middle of Jidy, when the C plebeva begins to be hciard, thus 
soon completely replacing the former. It is only during li« 
day tliat the Cicada sings, and almost only during the suoahlne 
— " sole sub aixlente," as Virgil eang.t The large green gnM- 
hopper, which is often eiToneously taken for the Cieiidii, on the 
contrary, makes iti^lf heard during the night ; and its no, oit, 

* The paraUel of the fortj'iifth di^gree of North Utitude, on whidi tk* 
town of OreDoble lies, ii a nortbem limit which the Cicadte KKK^y lia» 
frrvBain France. Nevertheless, tbey are tji ha heard r Little, in all y»Ml^la 
the vine;nrde of Burgundy, and »orae specimeos maj even b« lakmi In tka 
neigbbouihood of Foutoinebleau. I'liny atatee th«l the voice of thn Cifiidft 
ia loudi'Bl Bt the soUtieea — 'circa Bolstitium.' — N»t. Hist Lib. XI. 107. 

t "The cicada is supposed bj aome to pipe only during nudMlaj, bot 
both ID Central Atnericn and Brnzii I found theui loudeat toward nUMt, 
keepiug up thoir shrill music until it is takeD up by night-rucal 
and locuata." — Belt, "The Naturalist in Nicaragua," p. 313. 
18"4. 
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sic quite diflferfi from tlie stridulation of the Cicada, which can 
be represented aujficjentlj correctly tlius : 



When tije Cicada sings in a state of freedom, it keeps rapidly 
moving its abdomen, depressing and raising it in tums, so as to 
approiiinate or separate the opercula{"vo\eta"); of which organs 
more anon. During this period the wings are motionless and 
applied close to the body. But if the insect be in captivity, in 
a cage for example, the abdomen does not habitually show any 
movements during the song. Lastly, if one holds a Cicada 
between the fingers, it violently vibrates its wings and seta in 
motion all the free part of ita body, uttering piercing cries which 
sensibly differ frwm its ordinary song ; hut soon the cries cease, 
and the wings droop immovable with fiitigue. 

Before proceeding to describe the special structure of the 
sound-producing oi^na of the Cicada, it may be as well first to 
state, for the information of readers who are not zoologists, that 
all meraliers of the group Ineecta, to which the Cicada belongs, 
have the body primarily divided into " head," " thorax," and 
" abdomen." These parts are further differentiated into rings, 
segments, or " somites," f of which the head usually has six, 
fused together, the thorax consisting of three, distinct and fur- 
nished with limbs, while the abdomen is made up of from seven 
to eleven, usually nine, " somites," all limbless in the adult 
insect.t In nearly all perfect insects each ring of the thorax carries 
on its imder side two pairs of legs ; and on the sides of the two 
hindermost rings (the " meso- " and " meta-thorax ") two pairs 
of wings or their representative organs. Our attention, however, 
need only be specially directed to the last "somite" of the 
thorax and the first two of the abdomen in the Cicada. All 
descriptions hitherto given by authors of the musical organs of 
the Cicada are copied from Reaumur, and, inasmuch as they 
are incomplete and inexact, fail in clearness. The following 
description of them, will be foimded upon the record of the 
researches of M. Carlet, to which reference has been already 
made. 

• " Added to these noises were'the sonRB of Btrsnge cicadas, one large kind 
perched high on the trees around our little haven, setting up a moat piercing 
chirp; it began with the usud banh Jarring tone of its tribe, but this 
graduall^r and rapid]; become shriller until it ended in a long aiid load note, 
resembliiig the steam -wbistle of a tocomotiva engine."— Bates, "The 
Naturalist on the River Amazon,"' p. 230. 3rd edition. London. 1873. 

t From the Greek word tri/ia, " a body." 

I The sole exception is a beetle (Spirachiha eurymedu»a), whose third, 
fourth, and fifth abdominal aomitea carry two-jointed linibs. — Vide Professor 
Hacalister'a " IntroducUon to Animal Morphology," . 386, Lond. 187G. 



The Cicadic, which are theeubject nf M. Cutlet's owTiioir, went 
principally Cicada pl^eUi jtnd C. kftrniatmiee, and were fowA 
in the environs of (rreooble. As many Tivisectionfi were made, 
his observations must be more searching than those of R^aTimoTf 
who only examined dry jipecimens or those preserved io alcuboL 
C, omi and G. macuiniu have also been dissected in tiie diy 
state, C. plsbeia is, however, regarded by M. Carlet as the ^pe 
of the genus and aa the " classical Cigale." 

For description, the body of the insect will be supposed to Ib 
placed vertically, the head being above and the belly diiccted 
forwards. 

M. Carlet, for the sake of clearness, divides his descriptioo 
into an anatomical and a physiological section. Under the 
former category are comprised : — 



1. The Fnunework ("charpente") of the Vocal Apparnt 

2. The Vibrating Membranes. 

3. The Muscles in relation with the above. 

4. The Sonorous Cavities. 

5. The "Stigmata," or orifices of communicatioD 6t' 

cavities with the exterior. 



I 



A. The Framework of the Vocal Apparattis. — This 
the last " somite " of tlie thorax {tiietatfiorax) and the five <f 
six first segments of the abdomen. 

1. The Metatkortix. — On the lower border of this " somite/ 
in front of and between the " peritrema " (a homy circle sup- 
rounding the opening of a stigma, s, figs. 1,2, 3), may be seen a 
small chitinous * point, of which more anon, termed the ap(K 
physis of the folded membrane (" membrane pUss^ " ap, fig, 3.) 
The metathoracic segment is roofed in by a partition (fiUo- 
thorax) made up of two wing-like branches, having between 
them a mesial slit. The most salient part, however, of thit 
somite is the organ called " volet "f by Reaumur, and other- 
wise known by the name of opereuXuinX {v, figs. 1 and 3). 
This U nothing more than a prolongation of the eprlnigroii^ 
and is not movable, as Heaumur believed. It is gibatly de- 
veloped in C plcbeia, and has the shape of a semicircula]* scale 
of which the rounded edge descends as far as the xettund rlog'Of 
the abdomen. It is necessary to raise it on either side in orda 
to bring the anterior pari of the musical apparatus into vicnr. 
In female Cicadie these structures are rudimentary, and ijo Bel 

* ChtltHf ig a horny substance, iotoliible ia cnustic potath, nSlMA 

almost all llie litirJ parts of inst't-te cnusii^t. 
t French, "a eliuld-r," 1 Latin, "a Ud." 

i One of the twupured lateral elements uf the psetut vt lower h 

thoracic "soinite." 



^nsiblj differ from ibe tpimera of tlic otiutr tlunuic flBg> 

At the upper and intenul angle ti tbe'«pniiaiai <i cMmt 
dde is tobeaeen the firet joinl ( nouDO " li«ai4e," P. figt, I, J, ».) 
of the leg vf the third pair. It i» a nnrii i i|wi>iB d fajr m iqifMidage 
called '^cheville' (c, fi^ 1. S>. Inr Bmnmnr. which » smh* 
other than the trochanter ai the thig-h «'bicih bft* tnk'ii ud ■ 
great devekipment, aitd is rewirwi, in part, iwto a idti^ d»^ 
pre^on is the o^percu^tun. Tbi# nrtBagexoaii M K^mudut 
to believe that the troAa ti ter aetad at a Aeek to ptmart ibt 
operadum. &om imvii^ too imirii an cxkk, as tiie klfav u 
quite inuQovafaie. 

2. The first ahJcnrnwl «egBiaA. lUi ttt^ fcv iiaiiMiBU j 
divided into a p crip h m l. and » eaCiil jint. 

a. The paqrimal part. Hail 'maaobo' » maam ItMiJ. 
and ionns at ita ades Oe oppcr kadir «f the- fraaa of tlw 
dmm ("cadie de la timMr^ Tlia laidv «nds is bool 
into two brandKS, sUdi 1 1 1 ■«■ Jj fam tB»ndgw (^sfM^) 
of a tjiaagahiFTnaid, tenHd I9 M. Cbdc* At *' tebalKdraa,* 
which has iu apes at tkesr ^amt rfdi^iya. TWre aie. mnrn- 
over, foor ddes, fv &on, of wUdi «ae fafna Uk \mnt: i4 the 
tebnhedrao, whik tkat «Uck b Uaaw J u l l^- the aaLenor and 
posterior iu%ea is piemd lor tfefiialMigHBlaeoiifiee («,fi^]) 
of the abdoiKii;. Theie ate two ■yvBKtneal teteahedia, 

6. The eeatial pact, wtneh mamfria-a the tmtofagtrimm (A»- 
donio, op. eif. pu US), or " triaagte ^caJBaaa * of Bfiwaw. M. 
Cariet proposes to retain the ftnt tenn. a» aKOUDder tlttt the 
part i^ bamoJogoos with the entothonz. The eotoga rtrfu m 
somewbac nsembles a fainl with a forked tail aad wii^ spread 
out. A mediao crest U developed apon the hinder port nf it(* 
body, affording ioderliim for the motor mniicles of ihe " tim1*)e$i " 

The second .■♦e^fmt'nt of the abdomen h v^ry brood lipliind and 
on the ii(ks(2rt, ti^. 2|,bat becomes much narrower in frmt (2a, 
fig. 3), clasping by \t* concavity the preceding Romite. with 
which it becomes completely fiuied in the middle line. This 
arrangement is exactly the reverse of that of the tirMtsegment, but 
is to be tound only in the mole insect.. Lat<?nilly rhej« will be 
foftnd in the second tiegment a kind of inclined pi:4ne, resting 
upon ilH upper margin, which M. Carlet terms the fl'ior of ihfl 
Givem (•• planeher de [a caveme "}, a» it forms the lowr-r "urfuce 
rif this civity (C, figs. 2, 3). A liir^ uhitinouH acalt' (" apophysis 
of the cavern," ap, figs. 1, 3). is to be seen at the junction of the 
part just described with the second abdominal tia^. which formH 
the oiit#r wall of the cavern. It is triantfi>ljtr, completely 
masking the dmm, to see whicii it nnist be liftiwl, jind U itue^ 
in turn covered by the lower (or hindi-r) wing, when thii jr 
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rest. The other abdominal segments, which help to tmike up 
the lower part of the framework of the musical orgao, prewnt 
nothing worthy of note, except that each ha* a Rtigma on ths 
ventral surface. 

B. Vihratmg Memhranee. — The principal are the three fid- 
lowing : the drum (" timbale," ) the viinw { " miroir,'') and llie 
folded memhrans (" membrane plissee,"), and are all sitiiat«d in 
pairs on either side of the median plane. 

1. The drwTO (" timbale *" of K^umor) (f, figs, 1,2, 3), some- 
times also termed "tympan," is translucid, and is imbedded in a 
rim ("cadre,") from which it projects into a hollow called the 
cavern. In coincidence with its rim the circumference is ellip- 
tical. Of its smfaces the outer one is convex ((, 6g. 2), and 
is furnished with five or sii chitinous arches, while the imur 
surface is concave. At the Iiinder point of junction of the luchet 
ia a thickened spot where the tendon of the motor muscJes of 
the dmm is inserted (fig. 1). The membrane itself ig oompowd 
of an epidermic tissue made up of lozenge-shaped cells. In 
females the drmn is represented by a chitinous scale imbedded 
in a rudimentary tympanic rim. 

2. The mirror. — The membrane so named by Reaumur i» 
stretched between the lower borders of the wing of the entogax* 
trvwm, the base of the internal surface of the tetrahedron aad 
the ventral part of the first abdominal somite {mi, figs. 1,S> 
3). It is in the form of a semicircle, of which the diameter is 
the internal edge of the wi/ng of the entogastriwm, (vide 6g. 
1 ), It is a flat and diaphanous plate of extreme thinness, bat* 
ing in its middle iridescent rings. Microecopieally it is made up 
of a layer of lozenge-shaped cells, like those of the drum, bnl 
much more delicate. The two mirrors are separated in thr 
middle line by the body of the entogastrinm (vide fig. S). 
They are, lastly, nidimentary in the female insect. 

3. llie folded membrane (" membrane plissA?," m p, figa, 1, 
2, 3).^ — This organ is soft, in the fresh state, and tranaverselj 
folded in repose, whence the name given to it by R^iunur. Bj 
its laxity it differs from the dnmi and the mirror, which ai« 
always dry. ergo, more or less tense, membranes. It Li. morwm, 
opaque, while the first named is translucid and the hitter diapfaa* 
noua. It has the form of a rectangle, of which the two iiiir^oe* 
are directed anteriorly and posteriorly. The memlirane itself 
is composed of two layers, one superficial, of elastic filires, thf 
other deep, of the nature of a lining membrane^ The elastic 
fibres lie parallel and are folded zigzag-wi*e. It is, like tfaso 
ceding organs, nidimentary in the female Cicada. 

C. The Musclea. — Thei-e iu-e three pairs, of which ( 
has been previously described by naturalists. They a 
trictU, two and two, and are absent in the female. 
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I. Tks nwtar atHsde of tka drwm (m «, Sg^ !>.— n» m 
the mu^ impjrtaat. Brammu^ w&> ftiuinmj it, gnm it av 
particuW tuune. bat M. Solier berawd it ** tfte ■ariol ■■■k.'* 
This name sbouUI be kbutdotied, m it ihiii ■ tte an*-fli*- 
ducing fuDction vitb two otho^ Hfea «f ■■«!■» AceoMlBf 
to I>ug:e!f (op. cU. Tom. iL p^ SS^ aaothsF ■wafe «tf tfe 
dram — " tre^-petit, cadie kmh fe boid ialTiiiw da oik* de k 
timbaJe c]iii !'« dentbe sus anBtoKstn^ > p ot ■ _ _ 
d'augmenter la tensioa de h **—*-*-' M. Ctariet, ~l 
does Dot belie^'e id ita edattan, md fnoiMB t» A^moi 
that, even wcfe it present, it wgald atmpttttij ipnl the ■ 
of the musical appuatat. The feesMr of tfe dnM w the 
bulky muscle in the (SeadaV bndf. It tafcea it»Jati a 
the whole extent of the e _ " 
outwards and Inckwautb to abut apanad; 
proceed.>< a thort tendoQ to a aiotn6k pant a^ n 
drum. At the juoctioQ of thetvo tm^taof tkiiB 
to be seen a membiaae vfaidi ■wnnim thr taia rfa half nag (t. 
fig. 1). This goestnarizoatal^tofaeiiieertcdapaathelwiTitaa'at 
the junction of the fir4 two abduminal waaitei, caly haij^ 
between itself and lllis part just spac^ enoogfa for Hx paMiga of 
the dorsal veeeL la ooajonctian with itt feUov tins Btflataaa 
forms an o\'al riag, aUowing of co mruu o i ca tin * bKwe en the ^nri- 
tiea of the thorax and abdomoi. Tbe Bant of the tcsMor of the 
drum are of the atriptd kind, and aie ineerted into aa et^ptkal 
diiik (" plaqae csartilagineOK " of B^aumnr^ from widai th» 
triangnlar tendon ari^e«, to be attariied by a n 
to the postero-inferior part of the rim of the dnm. 

2. Teneor of Ihs/oUled ■membraru. — Ty^a miMcle, whieh JL 
Carlet believes that he was the Brst to deMribc, is c^UiMlricsl 
in form (m, t, fig. 1 ), and ha£ its /zed origin from the imfcr 
border of the frame of the drum, while it* invertioa (moeoMe) 
is at the posterior part of the apopbjsiit of the folded memliraD^, 
It, too, belongs to the striped variety ; and, a* in the preueiliug 
muscle, tjetween itw fibres and the point of io^iertion tl^re inter- 
venes a conical disk carrying a very i«hort tendon. 

3, The gtcmo-eiUogaxtric mu«Me(m0, fig. I). — Thin nam« 
is derived finm the two points of origin and insertion. The 
micicle pai^^ies longitudinally from the apex of the ent/jgaKtritUU 
to a triangular projection springing from behind the ujiper pijiut 
of the aterav/m. of the metal hf^nii. The fellow muscleH lie vi-ry 
close to one another on the middle line, and communicate with 
the deep surface of the folded membrane. 

D. SimarouD Cavitiai, — I'nder thi* general term arc coropriMad 

* The Urymm ia the opper or doiwd elemeot, cv fi 
^Knt, Ae iiMeet being ^eeed npeniUlep. 
L VOL. I. — BO. IT. D I 



those cavities in the body of the Cicada which are filled irith 
air, and where this ethereal fluid is thrown into waves by the 
vilmitions of the drum. They are five id number — one miidiaii 
and four lateral. 

1. The t}toraco-<ihdominn,l cavity — the"gninde cavite" of 
Reaumur, is formed by the junction of two (thoracic and al^ 
dominal) oavilies. It comprises the internal cavity of the 
taetathorax and the 6ve or sis first abdominal somites, and 
is roofed in by the entothoracic partition, which gives attach- 
ment to the muscles of ihe legs and wings of the metathorai, 
while below it teiininates in a vast cyl-da-stw, at the hottwn 
of which the abiominal viscera are packed. 

It is constricted at its middle by the "oval ring," mentioned 
alwve, which is stretched between the muscles of the drum (i, 
fig. 1); and reminds one of an hour-glass, of which the upper 
bulb would be the thoracic cavity, and the lower that of Ihe 
abdomen. 

2. The " second cavern " (Duges), termed by Reaumor the 
"cellule" (C, figs. 1, 2, 3). Its entrance ia concealed by the 
operculum, which most be lifted in order that it may l*e seen. 
The caifity itself ia a cul-tle-sac, of which the oxtcmal wuU i» 
concave, and shows an opening in the shape of a ttnrrow slit, 
which ifl covered by the ecutdlum " of the metathorax. 

3. The mh-operciilar cavity/ is a vast chamber covered by ihc 
operauXum, bounded above and below by the folded membnae 
and the mirror respectively (fig. 3). It is completely closed in 
C. flebeia when the abdomen is lowered, but when this part d 
the body is raised it is open below and on the two nidcs. Thf 
two cavities are separated one from the other in the middle Uno 
by the body of the entogastrmm, 

E. The Stigmata.] — Their action, though but little studied » 
yet, is of the greatest importance. Leon Dufom"! ntat»T» that 
the Hemiptera — to which order the Cicada belongs — liavi; 
generally but one pair of thoracic stigmata, and that thow of 
the aMomen of the Cicada are six pairs in number ; Init SI. 
Carlet has found that there are three pairs of thoracic stjgniata 
(in both sexes) and seven pairs in the abdomen. The third and 
lowest pair in the thorax are to be f«und beneath the up*'- 
mdum, or tfpimeron of the metathorax (», figs. 1, 2, 3). The 
first abdominal slignm (»*, fig. 3) will be seen on the iotcnul 

* Td Entcliab, " little shield." It is oos of ihe four olsmettU of fhi 
ttrfftim, or upper section, of a tLoracio "Boiuito." 

t The nir-bciles wbii^h cotnmunicnu with the irat/ia^, or Mr-tubai^ <■ 
Insects. The word ia the pluriU of the Greek trriyiia, " a vpoL" 

t R*!chercli<H anatoraiquus et phjsiolo^ques sui Igs MeaiiplArak" ^ 



ear£use of the " tetzabedna,* 

pair (»", fig. 3) a ^ 
easily seen tlun the o 

The stigmata of the thoax difiir fi<^ tfan ■# the i^ptiwiin 
not only by their paatBOD, feat aim hf tkar shsfe and Mf«^ 
ture ; the fonner being wdl dercloped, f unuA e d with a btmy 
rim {peritrema '), edged with faazts. >ad vilh a moraUo 
\alve which opens and dxatt like an eji^id, vfaile the latter u* 
mere punctnres, devoid of the above aeeeseones. T>ie sti^ 
mata in comiectioo with the toa au u s eanties, to wit, ihui^ of 
the metjithorax and the fiist of the aLdomiml pairs, claim .■'pc^ 
cial attention. The first named has a cfaitiiMNis peritrvaut, itm) 
two eyelid-like valves, famished with lafthes, of which tin- loww 
alone is movable. In C. pldtcia it debouches directly into IIk.' 
metathoracic cavity, bat in C. kcenutiodes oommunicatf^ with 
a large air-ve^sel, which ramifies over the upper s-arfiioe nf the 
muscles of the dram. 

The firat stigma of the abdomen (»', fig. 3), is aiiimti>d in the 
internal surface of the " tetrahedron," a little abov« Ihi' mirror, 
iiud consisbiof a little round orifice, debouching into ii InichfiU 
trunk, which eventually breaks up into numerous limnohes. 

The Mechan-ism of Stridulation. — In order rightly to imdcN 
stand its functions, it will be best to study separately tho r6l« 
of each of the factors of which it in made up. 

It is a mistake to suppose that the framework of the vocal 
oi^ipn acts merely as a support iind a guiird for the viliruting 
elements. On the contrary, it is in itwlf iin admirubly armnged 
organ of vibration ; it can, in fact, Ik- said Ihnt the whole IxKly 
of the Cicada vibrates when it is in song. For llie tergwrn. of 
the prothorax may he seen to tremble during the chant, and if 
the vibrations of other parts of the body are lesn obviouH, they 
can at any rate be rendered apparent by putting Ihem in thtt 
proof of toach- As ic^aids the roU of the uiemifnmi'ii and th<fir 
muficles, a distinction mnrt. be taaAti betwvt^ tlfMt wliich vHimUi 
direetlif, and thow which do ito xecondarily by itifiuenct. Tbc 
former, or the dnnni, are pot io iDotwin by spedal mna ctea , 
while the latter — the ndnon and fi-ilded nembnUN** ar* «xeited 
by the vibrationa of the dnuna. Wfth mpud to the iliiMW If 
these be remand wtnle Um iamtt. ie Bnghifc, the «MPd wOl 
immediately enw; favt if Ihtj be kA intact, wfD> tha «dKf» 
are removed, the taa^ thoa^ weafcewd, wUl ern O imm Ur hs 
heard. The Arwa « Ifaoeim the mand-fmrfneiaflr mfpm, the 
vilvating bodr. «fti^ Ifcww iait the air iata vspoy ae*t ohm 
the He%hha«^ ■ ■Jim ffiMiM Hmmma a» faat ly 
palling the sKle iTtk *MV te • AM t y Ki imm Hi i%s 
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Cicada, After having been excited by its motor mtvde. tho 
drum retuniB to its stjite of njst by virtue of its olasticitf «* to 
effect aided by the chitinoiis bande. Some authors have sUt^ 
that the drum becomes concave at the moment of the coninc- 
tjon of the motor muscle, but the real fact is that, with tht> ei- 
ception of a very slight depression at the point of attAohmetn 
of the tendon, the membrane constantly retains itA oonvt-^tj, 
aad never yields, at all events, in adiilt insects. Jn young spe- 
cimens, however, the drum, having less power of resistance, ii 
rendered somewhat concave by the action of the muscle, and tbii 
peculiarity was utilized by M. Carlet to demonstrate the spr 
cbrooism in the vibration of the dnuns. For if these be exposed) 
by cutting the wings of a young specimen of C h<Pm^odei, 
tbey will be seen, dming the song, to be at one and the bmm 
time both concave or both convex. 

M. Solier, after carefully examining the muscle of the dram 
during song, was not, even by the aid of a. lens, able to distin- 
guish the slightest movement; but M. Carlet, on repeating the 
experiments, plaiiJy observed a to-and-fro motion of the muwii^ 
and concludes that M. Solier must have experimented ™ a 
Cicada already tired out. M. Carlet lias further nttempted W 
register the vibrations of the dnun, and by the foUowiDjt 
method. A long needle of glass, drawn out to a thn^ad id the 
flame of a spirit4amp, was fixed at a tangent by means oft 
little wax to the exposeddrum-membrane,and the insect, heJd Iff 
the end of its body, while in song, was made to trace the vihuJ- 
tions on smoked paper rolled round a cylinder rotating by clooi- 
work,t simultaneously with tracings of a stnadard tuning-foii. 
By comparing the two sets of ti-acings thus obtained, the nimiU-i 
of vibrations made in one eecoud by the drum could be c»I- 
culated. The numbers cannot be given by M. Carlet, becaiue 
they are not constant. The captive Cicada, however, cries rathw 
than sings, the musical sound being probably modified by the 
mutilation to which the insect is subjected, as well as the cffl- 
l«rrassment caused by the wax on the driun and the friction of 
the glass index against the smoked paper. It has been statrd 
some pages further back that there is no tensor muscle of tl» 
drum, and that if there were one, it would be a hindrance 
rather than a help. The reason is this — that the membresv, 

* This t§ a good exnraple of ptiysiological ecouamy. Similar Iniw— 
taaj bo found in the psasive action of the costal c4)rtilBg«a in BnUKTwbiu M 
tha Bctive contrnption of the muacles which expand the choM in T«*pr«ti>«i 
Mid in the eliuticity of the hiogo in piuiBivi> oppcaiUon t ' 
miiMie which cloaea the two vidrea of the shell in llio ojiitni 

t An iipparntua probably resembling the well-known 
ProfenBor Mnrey. 
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J and parchment-like naturally, has? no need of l)eing put ia 
lentdon. More than tMx, it is convex, and a. tensor muscle 
would but hinder it from returning to it* natural convexity ; in 
other words, would act in opposition to its vibrations. 

Membranee vibrating aecondariiy by influence. The ■mivrw 
aTul the folded meTnhjune. — E^aumur was aware that the 
mirrors served to reinforce the sound produced by the vibra- 
tions of the dnmis. Without doubt, too, they are useful in 
preventing the entrance of fDrei{>;n bodies into the abdominal 
cavity, which would interfere with its power of resonance. The 
vibrations of the mirrors may be demonstrated by sprinkling fine 
dust over their surface, which will dance as soon as the song 
begins. 

The folded membrane would seem, at first sight, to be but 
ill adapted for the reinforcement of soimd, as it is lax and soft 
in the fresh state. SulEcient tension, however, is brought about 
by its special tensor muscle, which is, in turn, antagonized by 
the fltemo-entogastric muscle. The former acts by drawing the 
apophysis, at the point where it has its Tuovable insertion, 
outwards and backwards. The absence, moreover, of this 
muscle in the female insect is an indirect proof of its action, 
which can be distinctly whown by dividing it with a fine pair of 
scissors, when a diminution in the intensity of the sound will 
be perceived. As regards the stemo-^ntogastric muscle, its r6ie 
is somewhat complex ; but M. Carlet concludes, after elaborate 
experiments, that in its active condition, or that of contraction, 
it approximates the thorax to the abdomen, at the same time 
puckering the folded membrane; while in its passive state, or 

I it of relaxation, it draws this membrane closer and renders 
plane throughout its whole area, thus coming to the aid of 
e tensor muscle in facilitating its vibrations. 
The Functioiia of the Sonorous CavUiea and the Stigmata. 
The thoraco-abdominal cavity differs from the others in that it 
me is brought into communication with the outside by stig- 
ita, while the other cavities communicate freely and directly 
th tbe exterior. The first-named cavity represents a drum 
with two membranes, of which the case is chitino-membranous, 
the function of the two skins being fulfilled by the " timbales." 
As for the rdle of the stigmata, it can be fiiirly likened to that 
of the opening of the Eustachian tube in the tympanic cavity of 
the organ of hearing, their office being to bring about equi- 
librium in tension Ijetween the external air and that confined 
in the caWty into which they lead. The difference in tension 
between the imprisoned air and that outside must certainly be 
at its maximum during the contractions of the motor muscles 
' the drum, Ijecause of the heat set free by their molecular 
tion ; and the eyelid-like stigmata are accordingly to be seen 



opening and shutting hy turns during the song of the Ci» 
With regard to the caverns and the subopercular cavities— ti* 
fonner perform, in relation to the " timbaies," the saine t6U u 
do the tiibopercular cavities in relaliou to the mirrors •ml 
folded membranes. If the abdomen in a living Cicada t« 
raised in such wise as to open the above ca\'itieR, the sound io- 
mediately increases in intensity, just as when the windows ait 
opened in a room in which a muidcian plays, those outside aa 
hear better. If, on the contraiy, the abdomen of the huhi- 
insect be depressed, so as to cause it to rest against the opfr- 
cvla, the sound becomes mufSed ; and the same effect is p> 
dueed by the Cicada when free, by suddenly depressing iti 
abdomen after it has been raised, and it ts to Eucb oacillatioiu 
of the abdomen that the accentuaUd song of Cpleheia must l» 
attributed. 

About ten years ago, M. Landois, in a most ^■at^abIe paper on 
tile vocal organs of insects,* demonstrated that the "tiinhale" 
of Ri^aumur cannot act in the manner described aboie, since, in- 
stead of being movable by muscular action, it is firmly attacbcd 
to the wall of the metathorax. " The song of the Cicada," he 
concludes, " is its voice. This is produced bv the air from tho 
tracliea setting the vocal chords of the metathoracic fitigmt 
{'Schrillstigma') into vibration. The shoU-likt! membrane in 
the chitine ring ['timbale'} and the delicate membranes il 
the bottom of the cavities [' folded membnine '] are merdj 
an apparatus of resonance." Dr. Paul Mayer, as the refuk 
of some recent experiments made upon Cicada onii, in tie 
Zoological Station at Naples, arrives at almost the same &Xr 
elusions as M. Carlet," f 

Touching a " schema " of the musical apparatus of the Cicada. 
After studying the mechanism of a ■phyaloloffloiU apparatus 
we ought always, thinks M. Carlet, to have in our mind's eye ths 
construction of a physical apparatus which, while rwiucing 
the first to its simplest expression, nevertheless reproductw thf 
principaJ peculiarities of its action. A schema of the vocal 
organ of the Cicada is easily constructed. A little slip of 
metal is taken, having a groove on its inside edge, and beul ia 
the form of the letter U. Into each groove a thin plat« of 
steel is next fitted in such wise as to obtain two parallel spnngSt 
free for half of their length. Before introducing the two plates, 
there should be made in the centre of the outer surface of pacJi 
a. slight but permanent depression ; and an instrument is finnllT 
obtained somewhat analogous to the ubiquitous toy rvrtJiUy 

* T)ir Tarfond Stimnia})parat.e der Inirct/m] in] anatomuch-phjfthb f iKit r 
uiid akuntiieher Btaehvtiif. — " ZeitKbr fiir wiiiseiiscli. Zoologlt',*' bd. zvii. h 
106 ; luid Jat a. (ig«. 17, 1 " 

t lirr To,,i,pparat Ar CHcaJe,i.—Ihid. \A. xjtvlil. a. 70. 1877. 
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brought oat under the name of " Cri-cri." In order to make 
the model act, all that is necessary is to hold the frame of the 
instrument in the left hand, while with the thumh and fore- 
finger of the rijfht the free portion of the two steel spring! 
alternately and rapidly brought together and again let go 
and, as the depression in the two plates tlms becomes by turns 
convex and concave, a stridulation is pr'vduced which is a fair 
imitation of the sound of the Cicada. The di-ums are imitated 
by the depression in the steel springs, while the motor muscles 
of the former'are represented hy those of the left hand. 

The musical apparatus of the male Cicada is classed by Mr, 
Darwin ("Descent of Man," voL i., p. 350) as one of the 
" secondary sexual characters " among insects. Apropos of'] 
this he quotes {op. cit. p. 351) from a journal of Dr. Hartmaa, 
the following about C. septemdedm in the United States : — " The 
drums are now beard in all directions. This I believe to be the 
maritAl summons from the males. Standing in tliick chestnut 
sprouts about as high as my head, where hundi'eds were around 
me. I observed the females coming around the drumming males." 
Fritz Miiller, moreover, wrote to Mr. Darwin from S. Brazil 
that he has often listened to a musical contest between two or 
three males, who had a particularly loud voice, and were perclied 
at a considerable distance from each other. " As soon as the 
first had finished his song, a second inunediately began ; and 
after he had concluded, another began, and so on." If there 
is so much rivalry hetween^the males, it is probable that the 
females not. only discover them by the sounds emitted, but that, 
like female birds, they are excited or allured by the male with 
the most attractive voice. 

tall the Figuias the corresponding pArts are indicated hy the same lewl 
The body of the Ciesda is supposed to bo placed vertically, the hea " 
being nbove. The tbree drat figurea nre taken from the plote (PI. XL)! 
illustrating M. Cfirlet's article in the Aimahti det Seiencet NatureUvi. 

Fig, 1. The inlerior of the musical apparatus, Been from nbove; a vertical^ 

trRnaverse t>ectioa having been made accoss the body of the 
insect. The niUBcle of the drum, ihe folded membrane, and 
the optTcutum, hare been removed ua the left aide. On the 
right i» Keen the muscle of the driim, ite small triangular 
taidon,and its senii-annulnr merohrnno, also the tenaor muscle 
of the folded membrane, and the lower part of the aterno- 
eotogastric muscle in section. The deep aspect of the drum. 
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of the folded membzanei and of the mioffOitrimmf as well as 
the intenial opening of the metathondc stigma^ an likewue 
to be seen in this figure. 

Fio. 2. The same apparatoa seen from the nde (left). The whold of Om 
apophysis of the '' cavern " has been xemoved in order to show 
the drum. A partial section has also been made of the cper' 
culutn in order to show enprqfileihe greater part of the dettiU 
of the following figure. 

„ 3. The anterior part of the muncal apparatus. A section of the 
operculum on its left side hfts been made to show the contained 
organs. In order that the drum maj be better seen, the bottom 
of the ^ cavern " has been raised, its entrance remaining intset 

„ 4. The lower part of the thorax and abdomen of the male of 
Cicada pUheia^ seen from beneath. After ^g, 2 e', Pknche 
XLV. of Cuvier's " Rdgne Animal : Insecta.'* 

'a. Epimeron of mesothorax. 
/3. J^'meron of metathorax. 
y. First abdominal " somite.^ 

,, 5. The musical organ of the same insect laid open and seen on ita 
ventral aspect. Ibid, fig. 2,/. 



A. Orifice of insertion of the hinder 
wing. 

lo. First abdominal segment 

2a. Second ,, ,, 

3fl. Third „ „ 

apy Apophysis of the folded mem- 
brane. 

c, ** Cavern.*' 

c, " Cheville " of Reaumur, or 
trochanter of leg of the third pair. 

e, The " wing " of the entogastrium 
in ^g. 1, its *• body " in ^g, 2. m t, 

« Mirror." 



m m, Motor muscle of drum. 

mpy Folded membrane. 

m s, Stemo-entogastric musde. 

mi, Tensor of the folded mem- 
brane. 

p, Leg of the third pair. 

8, Stigma of metathorax. 

$f First abdominal stigma. 

s", Second ,, ,, 

ty Drum (" timbale "). 

V, Opercfdum (" volet "). 

Xy Semi-annular membrane of the 
muscle of the drum. 



CAYES AND THEIR OCCUPANTS. 

ILLTTSTBATED BY THE BOKB CAVES OF CRBSWELL CIIAGS. 

Bt TBE REV. J. MAGENS MELLO, M.A,, F.O.S,, ktc. 



^VES and tbeir exploration have for s. considerable mimbst 
of years past excited a great amount of interest in the 
mtific world. The Physicist, the Archieologist, and the 
tlogi^t have each in their turn found in them much to 
npy tbeir attention. Physical Geology has gained from 

1 researches an insight into some of those vast operations 
Nature, which, carried on quietly and persistently during an 
Alculable number of years, have done so much in many parts 
the earth, in its secret recesses, to fashion and sculpture its 
' y crust. We have been taught how in numerous instanco) 
i extensive and deep valleys of oiu* limestone districts havfrj 

actually formed by the dissolution of the solid reel 

«ugh the agency of water charged with carbonic acid ga« 

' t the same rock, redeposited in an altered form, has built 

Uioae thick beds of calc-tufT so common in the same locali- 

The study of cavern-structure has also led to our under- 
ading much as to the formation of mineral veins, and hai 
nght to light many strange facts aa to the circulation of; 
mean water. But to many the chief interest of caverns' 
1 the contents so often buried in their floors, in the 
! of the ancient tenants— wild Ijeasts and men — by 
they have been alternately occupied. 
Cavee are common to all parts of the world, and may be met 
h in rocks of very varied age ; not alone in the Carboniferous 
Uoantain Limestone, in which they are so very frequent, but 
Diu the older limestones of Silurian age, and in those of the 
■ Penman and Jurassic rocks. Even sandstone roi' 

L many instances, especially where exposed to mari 
todation, found to be excavated into caverns of greater 
B extent. 

Ivery coimtry has its oaves. All have heard of the giganiid 
Inunotb Caves of Kentucky, in America, the ramifications 
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which extend for mites, and in which, quite recently, mort 
interesting relics of their early Indian inhabitants hare heai 
discovered. The iamoua water-caves of Styria, with their 
underground rivers and their magnificent stalactites, are well 
known to travellers ; and in Sicily, Italy, Spain, France, Bel- 
gium, and England, as well as in distant Australia and Neir 
Zealand, caves of varying extent are numerous. In many of 
these recent explorations have discovered relics of early occu- 
pation that have proved of the utmost value to science. 

A great number of caves have been fomid to contain so maiiT 
remains of their former occupants, as to enable ns to traoe 
the history of their habitation during a long succession of »ge», 
extending from the remote past of geological time to per^ 
which are linked by history to the present. 

Although there are some few caverns which yet contm 
traces of their having existed and been occupied in the M««- 
zoic epoch, yet in almost every case the reconls of cave occu- 
pation may be said to begin with that latest period of tin 
geologist known as the Pleistocene : and we find that then, as 
DOW, the caves and dens of the earth were a refuge and hiding 
place to the wild lieasts. Here some of them lived and died, and 
here they dragged their prey, either overcome in the chase, or 
torn to pieces when feeble and <lying. In those remote tinw* 
the hycenas and the bears, the lions and the lynxes, and other 
camivora, foimd their home in caves, just ae these animab <lo 
at the present day, in the countries they now inhabit. 

It is in caves that we meet with the 6rst nndoubled l-moendf 
man's existence on the earth. During some of the earliest sta^ 
of his history he appears to have used caves for the buriiil of bi« 
dead, and also as bis habitation, often fixing upon those on th« 
sunny side of a vaUey, and making them his home and ItU 
treasure-house. In the extreme north of the Asiatic continent 
it has been shown that a cave-dwelling people existed ante- 
rior to the Samoyedes. We read in Homer of cave-dvnUo* 
upon the shores of the Black Sea. Cave-tomle have lieen fonaiJ 
in Australia, in the neighbourhood of the Gulf of Carpcnteriai 
and we learn from the Pentateuch that the curly inliabitontj 
of Palestine buried their dead in caves ; whilst n-ocnt Afriau 
explorers have told us of a whole tribe of Troglo<iytes i« (1>* 
interior of that continent. Some writers have mppoeed that 
architecture itsi^lf may have had its origin in tliiim prirailir* 
homes. From the remains of man — his weapons and his ttAm 
his uteiisila and his ornaments — ^we niiiy form a toleral^^BI 
rate idea of the habits and tlie amount of civilixatiot^^^^l 
i conditions of life, of 'he e.arly tnhnhitttnt^^^^l 
;r countries. Speaking of some of tl^^^^| 
'eetem Europe, Sir John Luhliock writ«s ; ^^^H 
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habits have been elacidated id the descnptions of their weapons 
nud other implements, adapted for shooting or darting, stabbing, 
clubbing, cutting, chopping, ecrnpiog, boring, drilling, and 
other work wantefl in either peace or war; in hunting or 
fi^ng, in domestic operations, and in designing the works of 
art which so markedly characterized this peculiar people. Their 
cooking stores, hearths, and mortars ; their bodkine and sewing 
needles ; their personal ornaments, and amulets perforated for 
stringing ; their whistling imstruments, and their ' batons,' 
possibly distinctive of rank and dignity. Even their owner 
marks, tally scores, and probable gambling tools have been 
recognized and described, as well as how they made their many 
implements of flint." 

Whikt there are some cave-remains which take us into so 
remote a patst that we dare not assign any dat« to their first 
introduction, there are others which help to throw light upon 
some of the obscurer pages of history. Thus the celebrated 
Victoria Cave at Settle, in Yorkshire, not only carries us Ijack 
to a period when the Craven savage passed through all 'the 
vicissitudes of a climate at one time mild enough fur the hip- 
popotamus to be an occupant of the Yorkshire rivers, and at 
another so severe in character that man may have struggled for 
a mere existence with the grizzly bear and the reindeer ; but 
it also tella us how, in post-Roman times, the Brit-Welsh 
inhabitants of these islands were driven by the ever-advancing 
waves of Teuton invasion, to fly to the ca\es as their securest 
shelter and hiding-place. Here they dwelt for awhUe, and 
by coins and various ornaments of considerable beauty and 
finish which they have left behind them, we are enabled, as it 
were, to decipher some few words in an almost illegible page of 
history. 

Professor W. Boyd Dawkins, in bis admirable wurk on '* Cave 
Hunting," dirides caves, according to the ages of their contents, 
into three classes — Historic, Prehistoric, and Pleistocene ; the 
first being those in which remainn of man or of his works have 
been found which can be assigned to some known historical 
period. In this country the occupation of Britain by the Ro- 
mans is the extreme limit of age which can be admitted for 
historic caves, as previous to that event we have but the very 
dimmest tradition to guide us. Besides the human remains, 
those of certain animals, the approximate date of whose intro- 
duction into thei^e islands is known, as well as the absence of 
others, will help ub to determine the historic age of the bed in 
'i they may be foimd. 
B second chisa of caves, those called Prehistoric, are inter- 
ite between tiie Historic and the Pleistocene : whilst 
una of animala of late introduction are invariably absent 



&om them, those wliich specially characterize the rtUl eariier 
PleiBtocene deposits are equally absent ; Man also, durmg the 
Prehistoric period, seems to have had much to do with tte in- 
troduction of many of the domestic animals of Europe. " Tbt 
dog, the domestic hog, the homed sheep, the goat, the Celtic 
short-horn, and tiie larger ox descended fi-om the great PUd». 
tocene Urns, make their appearance together with N'eoUthie 
man" (see " Cave-Hunting"); and "the wild fauna of EuIop^ 
as we have it now, dates from the beginning of the Prehistorio 
age, and consists merely of such animals as were able to snriife 
the changes by which their Pleistocene con{:;eners were baniilial 
or destroyed" (iiwi). 'ftlienwetumtotbe earliest class of cav«^ 
the Pleistocene, we at once recognize an enormous diSerenoe IB 
the nature of their contents, when compared with those of tbe 
succeeding elates. First of all we are struck with the etil^ 
absence of any trace of the domestic animals in the Pleistoome 
deposits, whilst at the same time we encounter a large numW 
of species, which either became extinct or else migrated u 
other climes before the commencement of the Prehistoric epoch, 
as for instance, tlie Cave Lion, Elcplias atUvquus, OlnttuO, 
Woolly Rhinoceros, Spotted Hyjena, Rhinoceros ii&mitaiAat; 
Cave Bear, Bison, Mammoth, Hippopotamus, &c 

We still find the lion, the liycena, and the hippopotamus io 
Africa,and the bison in Central Europe. It would appearfrom 
this migration and extinction of species that very con aiders tile 
changes, both of climate and of physical geography, must hart 
taken place between the Pleistocene and the snceoeding period, 
involving an expenditure of time the length of whicli we hart 
no certain means of estimating. The numerous rei^earchtf 
which have been lately carried on into the contents of BritiA 
caves show us that we have in this country a large iiiunber of 
caves representing more than one of the periods referred W; 
and that whilst some of the oaves belong to the hit^st period* 
only, those which contain relics of the earliest period will oWi- 
tain also in their upper beds remains belonging U> one or twtii 
of the later ones. Thus the Victoria Cave, which is iD tU 
deeper deposits of Pleistocene age, is linked to histuricsl tiinU 
by the presence of debased coins of some of the IlomBD Ka- 
perors, and also contains relics of Neolithic o(:cu{>ation. The 
Brit-Welsh, who were forced to seek shelter in caved into 
their powerful invaders, have left traces of their presence. niK 
only in various caves in Yorkshire^ but also in StaSbrd^hin 
and Derbyshire, as well as in Lancashire, and tu fax fiouth v 
Devonshire. 

We must not confound the bronze ornaments found in tltow 
caves with the bronze implements, Ac, wtiioh 
found Ijoth in caves and tmnuli of a very different 




which belong to Pretnabinc tJiw The Ale af «t ft^lijai 
in these l&tter is of ■ nxjArkinA bffi^vAiA ia ik nfer 
forms of weapoBB diad» ci£^ K it we, litfB the MS flufia 
Neolithic period. 

But few remaiDi of Ac Bnbk sk^ ksce bo^ aet ntk la 
British caT«& The Xc«litkic p 
both here and abroad. Ue « 
men was geneni tfaroo^wat I 
of these peapie bare been we 

dwellings and as tombs. Nat «alf mm tihcae ai^ AitBgni 
from the races «4ddi neeee dej &«■ I7 Oar fiknol cam~ 
formation, bat abo t^ ibe t^mrmMiw «f Oar aiflBBMate. 
These were made eltb^ cS ibne or boK; tlwir rt— p iMpla- 
menta being cbaiacterued In- aa aaiMMt of finfc wUck m 
never found in tboee of the ;et eaxficr mea of tfce nnCooott 
period. Their spear- and iiiiia hi nil are dikaatdj «!•• 
structed, and a large number of tfaeir tools ^id ^capoai aae 
polished, so that the age in wluefa Omf Kved ia mwnetimKm 
called ou this account tbe "pcdidied itooe age.' M^alfivot 
ttpecimens of their im|^emeats have beai feood is Denmark, 
which for perfection of fonn and tmnfal boA are tmriTalled. 
Traces of Neolithic man have faeea fiwod ia tbe Vidoria Cave 
and in caves in Walet: ; alao in tbe celefanled cavan called 
Kent's Hole, in Devonshire, and 10 cares in BdghUB, Fiaoee, 
and elsewhere ; besides othen met with in lake-dweOsogB in 
Switzerland and in Ireland. ProCe»or Dawldns has pointed 
out that these " Prehistoric peoples li«ed under physical OOD- 
ditioDS very different from those of Central sod Vwt en i 
Europe at the present time, the smfrce of tbe caaatry being 
covered with rock, forests, and moraes. which afforded Abetter 
to the elk, bison, urus, stag, viegacero«, and wild boar, as well 
as to innumerable wolves. They anived from the east with 
cereals and domestic animalf, some of which, as the ' Bon 
loiigifron*,' and ' Sits palu9tri«,' reverted to th'-ir original wild 
state. From the very exigencies of their position they lived 
partly by hunting, and they gradually pushed their way west- 
ward, carrying with them the rudimeDts of that civilization 
which we ourselves possess," and " the climate which they en- 
joyed was sufficiently severe to allow the reindt-er to inhabit 
the district on which now stands the city of London. . . . The 
area of Great Britain was greater than now, since a plain ex- 
tended seawards from the coastline nearly everywhere, sup- 
porting a dense forest of Scotch fir, oak, bt-cth, and alder, the 
relics of which are to be seen in the lx;ds of peat and the sttunps 
of the trees near low-water mark on most of oiu- shores." 
f " Cave Hunting,") 
^t A period of imknown length, but which rau^t have b 



great, separated the age of Neolithic man from his piedeccatn 
in the Pieietocene age, — a period in wbicb vast chaugtsa, lo^ 
of climate and physical geography, can be shown to have Ukm 
place ; during this vast interval the separation of Greut BriUin 
from the continent of Europe took place, and an euonnom 
amount of denudation, resulting in the excavation of ext«iiiin 
valleys, and the alteration of river-courses, made th*- EngUnd of 
to-day a very different country from what it was when the Paleo- 
lithic hunter and the Pleistocene matmnalia were recktnied 
amongst its inhabitants. 

During the Pleistocene, as during the later ages, men and 
wild beasts found their homes in the cavew of the earth, and it 
is from caves that we have obtained the greatest aooant of 
information relating to this most interesting period of tim 
world's history. 

As long ago as the beginning of the present century evidence 
began to be collected which tended to show that man was liniifr 
in Europe in company with numerous wild animals, now tuitlK 
totally extinct or only found in far distant regions, such ae tb? 
mammoth, the woolly rhinoceros, the hjfEena, and th'- lion- The 
first evidence of bluB sort was obtained in Kful.'s tiaie, in 
which flint implements were found in intimate a8sociatioa with 
the boues of these and other animals. The exploration of tliil 
cavern has been energetically pursued during a long aeritt of 
years with most valuable i-esults. In the Rame prir) of Eiiglud 
similar evidence was obtained from some caves at Brixham [ ami 
later on nimieroiis caves in this country, notably Wokey Hole 
in the Mendip Hills, and an extensive series of caves in lielziuca 
and in France, have yielded to careful research such an amount 
of evidence, that the fact is now firmly established that <Mn 
was a contemporary with a wild fauna now partially extinet, 
which existed in these countries under climatal conditions very 
diiferent from those now prevailing, 

It is somewhat startling at first, when we come to realise that 
in this country, now so free from wild animals, there was I 
time, and that time the human period, when a most fonnidahlv 
array of the larger camivora roamed at will through vajrt (ojtatt 
which then spread over a great part of these ides, and vet do fUL 
rests upon more certain evidence : from the floors ofnumCTOW 
caverns large quantities of the bones and teeth of thcue 
representing individuals of all ages, have been extracted, 
of them in the most perfect state of preservation. 

Some of the latest and not least important additions to ear 
knowledge of the Pleistocene age, and of man's coejciMcnm 
with its wild fiiuna in England, have been made by the nooA 
discoveries in the (Jrcswoll caves in north-east Derbyshire ; and k 
abort account of their exploration, and of th-i results obtained, 



1 fihow something of the nat\ire of cave researches, and will 
|i the same time also assist ub in picturing to ourselves some of 
6 conditionB of life during what we may look upon as tlie 
wn of the human period in Great Britain.* 
The caves of Creswell are beautifully situated in a small craggy 
xaTine in the Magnesian Limestone on the border of the countiea 
of Derby and Nottingham (fig. 1.). They are of no great size, 
being little more than enlarged fissures. Three of these have 
a carefully examined since their discovery as bono caves Ly 




the writer in 1875, and tlipy are known as the Pin Hole, the 
Kobin Hood Cave, and tlie Church Hole. The last two are 
the largest and also the most important, especially on account of 
the abundant traces of man's handiwork in conjunction with 
very numerous bones of the extinct mammalia, which are dis- 
tributed throughout the soil forming their Boors. 

The Pin Hole cave is a long and narrow fissure, contiuning 
under a thin crust of recent surface soil a bed of red wand about 
iliroe feet thick. This was found to be full of Ijoncn, many of 
them broken and gnawed, belonging to about eleven gtmera of 
mammals of the Pieistocene period, but withoiit any dintiact 
traces of man's presence, although there are, as wo shall site, so 

• See Papers by Professors Busk, W. Ilovd Dawkins, und tho wrilT, in 
ilie "Quart. Joum. Geol, Soc." for November IS/Ci, August 18711, and 
Auguat 1877. 

t Thia and the other figures illustrnttni; ihiA paper, IiaM) been bludly 
is by the Preaideot and Council of tl e (leologiral Floctnly. 
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many in the adjoining caves. Tbis. however, is what 
be expected ; the larger and more cominodiauB caves 
certainly have been preferred to the narrow figure, by the aitf 
inhabitants, for a hou£« or eheltering-place. Wlien we come 
notice the animal remains we shall lind but little diSerenee 
the contents of these caves, the presence or nbeenoe of Bca 
tipecies in one or other of them being evidently accidental. The 
two larger caves, the Kohin Hood and the Church HoI«, 
found to contain a considerable thickness of deposit«d material; 
and a reference to the sections (6g8. 2, 3)will serve to show 
the floors of bone caves are built up. Sealed up under a cnut of 
stalagmite and breccia a series of well-marked beds were fo'ind. 
This stahigmitic breccia consisted of masses of limestone fMtn 
from the roof, and cemented together diuing the lapite tif tn 
indefinite period of time by the constant dripping of wnler 
charged with carbonate of lime. Below the breccia ww a 
deposit of sandy earth, commonly known aa cave eortll, of 
variable thickness, and passing at its base into a eurioui^ 
mottled bed of reddish earth, filled with li^tniroloured taf(- 
menta of friable limestone ; this in its turn rested on red sandi 
(dmilar to that mentioned as occurring io the Fin Sole^ ud 
under this was the decomposed floor of the carem, the iriKJe 
amount of deposited materials being about eight or nine feA 
thick. It may be obsened that the contents of the Robin 
Hood and Church Hole caves were very similar to each otbt!T, 
and were probably brought in at (bo same period under ideatiol 
conditions, 

It is in these various beds, forming the Boors of the cavsi, 
that the bones and implements have been obtained which aoMt 
UB to reconstruct the life-history of the past- 
Commencing our researches in the surfnce-depodts intheChiirell 
Hole and the Robin Hood caves, we are at once carried back 
into that unsettled period of British history when the Roman 
legions were withdrawn, and tlie comparatively civilized Britl^ 
population had to resist aa best they might the hordes of Titutua 
invaders, for in the surface soil of these caves a fi?w tmctv of 
Romano-British art have been met with : these consixted of tm 
or three harp-shaped and circular brooches, one of the totwet 
being enamelled with blue. In conjunction with these, ntun^ 
rous fragments of pottery, one or two being of the well-kDn«n 
red Samian ware, were found; and the surfiice-soil also con- 
tained a large niunber of bones of animals common .it that 
time, such as the sheep, goat, Celtic shorthorn, stag, wild oH, 
badger, fox, and horse. 

Previous to this post-Koman occupation of the caverns tbtK 
seems to occur a long blank period, as far as man, at 
is concerned ; for no distinct traces of Neolithic times 



met with, no relic of the age immediately preceding that of 
written history ; in the hard stalagraitic breccia which sepa- 
rates the snrface-soil from all below it we at once meet with the 
implements of Palseolithic man, and the bones of the Pleistocene 
mammalia. Throughout the breccia, and in the various bed^ of 
cave-earth and red sand below it (see figs. 2 and 3), a vast quan- 




timeHtoue frufnoonta. and chnn»Bl, 3 ft. 
e. Kad Sand >rith 1uiiiiDa<«d clay, fev bonss ii ft, 
1. Fox Hole? 

tity of bones and teeth of animals were found, affording to the 
imagination a vivid pictiu-e of the abundant wild fauna of the 
district. About twenty different species have left their remains 
here, some of them, such as the horse, the rhinoceros, and the 
bysna, in remarkable numbers. Is it asked how all these bones 
got entombed here, we have to point in the majority of cases 
to the hyenas. These savage animals would, during the absence 
of man, be the lords of the caves, to which they woultl drag 
their numerous victims, and where they would devour them. 
The majority of the bones of the other animals, anci even of the 
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faytenas themselves, are in fact covered with tootli scorings, which 
have been shown to he identical in character with those madu 
by hycenas at the present day ; and even atich powerful aniniiU 
as the rhinoceros and the mammoth might not unfrequentiy &11 
a prey to the hyeenas, who would attack them when enfeebled 
by disease, accident, or age, or even when young they woulii 
Bometimes be overcome by sheer force of numbers; or the 
faysenas, often hunting in packs, would occasionally drive them 
over the precipices, and fall upon them as they lay crif^lcd it 




K Stalagmite unitiag lireu'ia with Tool, 
_ L Stolagmitic breccia, vith bone* and implements, IS in. to 3 ft. 
ft. Cava earth, Tilh banes nnit impleinDdte of cxrisUe Uiirkncu. 
e. Middle red Band vHiii litniiasird ctsj at busa. contaiutag tioiuii, 1 (L 
d. Ligfat-uoluumd stmil, iritii limeatona fngnientH. 

the bottom. In the Creswell caves, as in so many otbw of ita 
British ones, the remains of hyienas, representing individoaU ot 
all ages, have been found, from the young cub jiist cuttiof; ft* 
teeth to the veteran who bae little of theui left savo the well- 
ground stumps. The species of hytrina thuii found is tV 
SycBna croailn, almost, if not ijiiitc, identical with tlw 
Spotted Hyieua now met with only in South Africa. The mow 
common Striped Hy^na has also been met with in cuves, bnt 
not in England. 
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beasts of prey found at Creswell are the 
The cave lion only differed in size from 
that of the present day. Like most of the wild animals of the 
Pleistocene age, it was larger and more powerful. Throughout 
Europe, from Italy in the south to the wilds of Yorkshire in the 
north, the lion was commonly met with, although it is now 
found only in Africa and in parts of Asia ; but there ia some 
evidence that it was still existing in south-eastern Europe us 
lately as the first century of the Christian era. One of the 
most remarkable animals that appears to have once inhabited 
middle as well as southem England was a large feline species 
that must have been a terror to its weaker contemporaries. 
This was the Mttchatrodua latidens, a beast armed with teeth 
that have been not inaptly compared to sabres, the canines 
Iteing thin and recurved blades, with serrated edges, of the 
most formidable appearance. The remains of this animal, 
wliich have been met with in some abundance in France, until 
it was discovered in the Robin Hood's cave, had only twice before 
been found in England — in Kent's Hole, in Devonshire, where a 
few teeth occurred in conjimction with other Pleistocene bones. 
At Creswell only one canine has been found, possibly brought 
there by a himian hand, but not improbably also denoting the 
occurrence of the MachairoJus as a contemporary of the lions, 
bears, and hyienas of the surrounding country. 

Knough bones and teeth of bears have been discovered in the 
Creswell caves to denote the existence of at least two large 
species, the great grizzly ( Urmte ferox) and the brown bear (IT. 
arcl-Os). The first of these is identical with the present species 
familiar to the Xorth American fur-hunters ; anii the smaller 
brown bear is not imcommon in many parts of Europe. It 
still living in Scotland as recently as a.d. 1057, when tie lasll-. 
specimen is said to have been killed. Another bear, nonr 
extinct, common to eaves^the huge cave bear {U, epBl<SUs)~ 
has not been certainly met with at Creswell, but is common ii 
many other caverns, both in England and abroad, 

Kemains of wolves and foxes occur in all the Creswell caves 
some of the former denoted very large animals, and have been 
thought by Professor Busk to have been possibly allied to the 
arctic, or North American, rather than to the existing European 
species. If this be the case it will then have been a fit com- 
panion for such animals as the arctic fox, the glutton, and the 
reindeer, all of which have been found in British caverns, the 
Arctic fox having been recognized for the first time in this 
country in the remains from the Pin Hole cave at Creswell ; it 
appears, however, to have aboimded formerly in Belgium, and 

I en as far south as Switzerland, and to have been well known 
the Pala;olithic hunters, who have skilfully pugraveij its 
■ 
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likeness on some of their lioue iai pi timet) ta. It ic also &om the 
Pin Hole that the only trace of the glutton, as occurring at 
Creswell, has been derived. This animal is the Wolverine of 
the North Americans. It ali^o lives in Siberia, and its honM hate 
been found in Reveral British caves, as well aa in tboi>e of 
Belgium. Its presence is, as has l>een oViserved, ngnilicant of 
the prevalence of a severe climate. In Kamtacbalka, when; it 
is sometimes found, its skin U so highly prized by the nntivm 
that they say the heavenly beings are clothed in it. 

The principal ruminants whose bones and teeth have been 
found at CresweU are the great ox, or urus; a lesser specin^ 
known as the Celtic shorthorn (Bos hnffifivrm) ; the bison, and 
various deer, the most prominent of which are the reindeer and 
the megaceroe, sometimes called the Irish elk. The huge nxiis 
(^B. pti-migeni-us), the bones of which were found in the Vin 
Hole, was not only common in Pleistocene times, but was al» 
known to the Eomans, and, except in size, there is no real 
difference between it and the existing ox : the wild cattle of 
Chillingham, in fact, are supposed by some writers to be it* 
direct descendants. The size of tiii^ animal in the Pleistocene 
period was, however, immense, being as much as six feet high, 
and from eleven to twelve feet long. Professor Owen has ns 
marked that " the extensive rajige it had, when in former tints 
it wandered at will in vast herds over the whole of Engliind, and 
the abundant food it would iind, teuded to its development, 
whilst after the submergence of the old Pleistocene lowlands H 
would have had a harder battle to fight, and would tlius have <1^ 
generated. This, and the hostility of man, may help to acoonnt 
for the greater size of nearly all the Pleistocene mammalia, u 
compared with their descendants." It has been observed that the 
Urus seems to have held its ground after the olephantH, rhiiMK 
ceroses, hyaenas, and other animals had retreal«d soiitjiwatiU, 
although in Roman times it was probably scarce ; still, W 
read of its existence in a wild state, together with the hisoD, u 
late as the close of the eleventh century, near Aachen, and ill 
Poland even up to the sisttenth century. 

In the red sand bed of the Creswell caves remains of the \»KB 
were tolerably numerous. Tliia animal, which still lives in Nortli 
America as well as in the forests of Lithuania, was a contfOr 
porary of the Urus, and with it disappeared fmm history ; it Aaet 
not seem to have been known in historical times in Northetn 
Europe. 

Keindeer remains, teeth, bones, and broken antlers — tbebne* 
and antlers, with few exceptions, having been gnawed by ^ 
hy»nas — were very abundant at Creswell, both old and yottOff 
auiniaU being well repiesoiil«d. The reindeer seems to_J^i^^ 
ranged +'-"iighout the gieater part of Europe, and ^^^^| 
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south as the Pynaiets. 

the great Irish elk (Cfarrva sm^ocshmV ^^ ^*E> deer, the 

remaioe of which ue not ^ifroqaaft ia <mccfl, bid abo a vide 

range, firom Irebod sod "Ea^trnd, t hiygfa F n a cc, Genmaj, 

and Central Italj. The Imh o^ ftmnl iafividoik, ooe of 

them being of onasaally Urge sm, -mm Saaad at OenrelL 

One of the most abusdaBt ■aiwt^, tk bancs of vhkk 
were found in the Oenrdl an«s, aui those of the snail FVi»- 
tocene faoree, and it voold doobtleH ha^ fccmed a staple 
article of food, not oo^ to the faj^iiaj aad other camiTOfs 
whose teeth-marls are so eannioa en its bouea, hot also to the 
early cave men, who did not diare the ptejadice or g op aa ti tko 
against the nse of boiseflesh wfaid pierailed in later tinie& 
No trace of the musk oz, whieh is not imcommoB ebetrbere, baa 
been found in these cares, althoi^ it m^ have been so inhabi- 
tant of the neighbourhood. The atiini»lf wfakli it is perhaps 
the most difficult for us to realise as having been oontemporariea 
with man in England, are the woollj ifiinoeexos (R.ficAorAtitU^) 
and the mammoth (EUpkae primigeiiiHe). Yet few bets are 
more certain than that primeval man must have constantly 
encountered these creature? as he went out on his himting 
expetiitions. Three species of rhinoceros inhabited England 
during the Pleistocene period. The one most frequently met 
with is the two-homed woolly rhinoceros, which, besides being 
hairy, like the mammoth, had also a smooth skin, contnuting 
in this with the existing species with itfi thickly-folded covering. 
It was apparently fitted to imdergo a fer severer climate than 
any of ita living relatives. Its remains are found very widely 
spread ; some are imbedded in the frozen mud of the Lena in 
Siberia, and from caves and gravel beds over a large part of 
Europe its bones have been obtained ; these as well as teeth 
found in the Creswell caves show that this animal wna plentifid 
in the neighbouring country, and the gnawed condition of its 
bones shows that it fell a frK|ueot prey to the hyreoas, whilst a 
large number of milk teeth found show that many young 
individuals were present. This was also the case with the next 
animal to be noticed, the mammoth. All three of the caves 
explored at Creswell liave yieldeil teeth and bones of the mam- 
moth, some of the former being from adults, but very many 
were milk teeth : tliis is what we should naturally expect, as 
it is hardly likely that hyrenaa would often obtain the mas- t 
tery of the full-grown animal unless it happened to be maimed ' 
or otherwise enfeebled. The mammoth, with its shaggy hair 
and huge recurved tuska, was doubtless, like the woolly rhino- 
ceros, capable of enduring great extremes of cold ; its rcmaina 
a found f 



that ita fieah was eaten by The dogs and wolves. It is said thai 
the LiBchow ialands off oorth-east Siberia were one mass of the 
bones of the maramotb, whole cargoes of ivory having beeo ei- 
ported tlience for the greater part of a century. Indeed, the 
number of mammotbH inhabiting Northern Europe must have 
been prodigious. In the midst of the Channel between I^v*r 
and Calais a mass of their bones has been dredged up; and 
thousands of their teeth have been obtained in a similar manner 
off the coast of Norfolk. The range of the mammoth wnsvny 
wide, as not only in Siberia and in these islands have its remaint 
been discovered, but also in Kussian America, and in Europe as 
far south as Spain in the west and Rome in the east. Two 
other elephants besides the mammoth were living with it in 
this country, but their remains are not eo common, and Huff 
have not been found at Creswell. One of them, the E. 
antiquus, had a range nearly as great as that of tJie mam- 
moth. 

The other animals wliieh existed during the Pleistocen* 
period, and whose remains have been obtained in the CresimU 
cavee, do not call for any very special notice ; amongst thpm 
were hares and voles, the llMnes of Iwth which are very plentiM. 
The hare was doubtless a common article of food with the early 
inhabitants. 

We muKt now turn to the evidences of man's existence aa a 
contemporary of all these animals, as proved by the explon- 
tions at the Creswell caves. That man was present during the 
early Romano-British period we have already seen ; but an 
examination of the osBiferous breccia of the Robin Hood and 
Church Hole caves, as welt as of the various beds nealed up 
tmdcr it, has proved that man was also, at any rate, an oocauonal 
occupant of these caves dui'ing the long antecedent Pleistoccna 
time^i for although we do not find human bones, various impl^ 
ments and weapons of undoubted human workmanship oeenr 
in intimate connection with the remains of the extinct mam- 
malia. 

It is sometimes asked how it is that human bones seldom, if 
ever, are found in these earliest deposits? It is surely eaaly 
accounted for by the consideration that the proporticm boitie 
by the men of that period to the wild beasts would Ije but u 
one to many thousands, and it would be an extraordinary thicg 
were many human bones present. But no one c:iu now seriously 
question the human origin of the many and variims implcmtinU 
of the Pleistocene age ; it is true that many of them are nul^ 
in the extreme — so rude that individual Epecimeiis tnken 
themselves might make ns hesitate before doeiding npon Ihrir 
origin ; but mingled with these are others far more olaboiate id 
workmansjiip, and besides the stone implerorata which give 



this age of man the name Falseolithic, there have been foimctl 
niunerouB apeeiisens of arrow-heads, awls, needles, harpooDS, 
&c., made of bone and reindeer antlers. Some of the bone 
implements are carved with not unskilful omamentations, 
tigiu^es of animals not being iin&equent, and amongst these are 
well-executed engravings of horses, the reindeer, the arctic fox, 
and even of the mammoth, most clearly proving that the men 
who executed them must have been familiar with the forAis of 
these animals, and we can therefore only come to the conclu- 
sion that they were contemporaries. Such bone implements and 
specimens of primitive Jirt, as well as implements of stone, have 
been met with in the caves of France, Belgium, and Switzerland. 
A few bone tools, and notably some harpoon heads, have been 
found in this country in Kent's Hole. 

Looking now at the Creswell caves, the sections of their 0Dors 
show us a distinct series of beds of sand, earth, and breccia, accu- 
mulated upon the original floor of the caverns. In each of these 
deposits we have distinct traces of human occupation, and what 
gives additional interest to them is, that they bring before ua 
Tery clear evidence of an advancing civilization : as we rise from 
the lower to the upper beds, we have a moat decided progress 
ehown in the character of the implements derived from the 
several deposits. 

In the bottommost bed of red sand (see sections, figs. 2, 3) 
mingled indiscriminately with the bones and teeth of the various 
animalM already described, occurred tools of the very rudest de- 
Bcription, manufactured out of the quartzite pebbles which 
abound in the district. Some of these have been used as ham- 
mers, the proof of which is seen in their bruised and chipped ends ; 
other pebbles had been split into rough flakes (figs. 4-6), which J 
may have served various purposes as knives, choppers, and I 
scrapers for the prepai'ation of skins. Implements as rude aa l 
these are saitl to be still in use amongst the Shoshone and 
Wyoming Indians, and equally rade ones have lieen found at 
the Gape of Good Hope. We may picture to ourselves a race of 
Ravages who, in pursuit of the horse, the reindeer, and even of . 
the mammoth and other animals we have spoken of, visited J 
the neighbourhood of Creswell and made use of its caves as con- I 
venient dwellings or sheltering places, driving off for a time I 
the hytenas, who would retiu'n again to their dens during the 1 
absence of these primitive hunters. How long a time elapsed I 
during the accumulation of each bed in these caves we have fl 
no possible means of judging, but as we pass upwards from 
the red sand into the succeeding cave earth, we not only find 
similar quartzite implements, but also a few others made from 
flin t. Still there was in these latter none of that perfection of 
^■dananship arriveil at by the later users of that material^J 



apparently a lengthy apprenticeship was required before Uw 
skill to adapt even this more tractable etone could be acqabed. 
It was in the upper part of the cave earth and in the brecda 
that a higher claas of work made its appearance in these btd*. 
accompanying, be it observed, the remains of the Pleistooeu 




a. Section. Cuvo earth. 



mammalia, and numerous implements, eome of quartJltCs 
others of flint, and two or three of clay ironstone {6g. 7) 
were found, and with these were also fragments of chuwali 
Bhowing that man was in the habit of using fire. 8ome of the 
ijuartzite and also the ironstone implemente wt'-re, it has bMH 
observed, " of the same form as those wliich have bci-n ili>- 
oovered in the river gravels of Brandon, Bedford, and Hoxne, 
and which occur in those of France, from St, Achwul, 
Amiens, as far as the district roimd Toulouse, and nlwnrn in 
association with tlie mammoth, reindeer, and woolly rhiuocoroL 
Otiiers with curved hatchet edges, not<,-hed by use, wein cho|ipans 
like those met with in the bone caves of Dordogne undw VMJ 
fiimilar circtimstuuces as at Creswell, by MM. Lart^l and Chiu^ ; 
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and the natural surface of the pebbles from which they were 
made was left untouched, so that they might be conveniently 




grasped by the fingei-s. There were also many triangular Bakes 
ided for cutting purposes, and scrapers intended for the 
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■ preparation of skins. The implements of flint also were very 
numerous (figs. 8-10): flakes, scrapers, beautifully-ciiipped 
lance-heads, of the same form aa those found in the bone caves 
of Wookey Hole, near Wella, Kent's Hole, near Torquay, and 
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France, at Solutre; borers and awU, in soi 

use, as well as small oval forms bearing a close reseml 

the carefully chipped stonecutters used by tJie ~ ' 





(fall aiziO- 
CaTU earth. Hobio Hood Cave. 

planing wood. Some of the flakes had 

obviously been let into a handle of wood, 

or some other perishohle material, which 

protected one edge while the other was 

completely worn away. Articles of bone 

and antler were also met with — bone 

awls, a well-finished bone needle, and 

cylindrical rods of antler, which may 

have been portions of the points of 

Bpears" (figs. 11,1 2). One of the most 

interesting discoveries made in this part 

of the floor of the Robin Hood cave was 

a fragment of rib ha\'ing engraved upon 

it the head and forepart of a horse 

(fig. 13). This is the only instance in 

which a trace of what we may term 

Palaeolithic high art has been met witli 

in this country, and it is of extreme 

interest, as correlating these caves with 

those of the Continent in which similar 

works have been found ; engravings of 

the reindeer, of the arctic fox, and even hoi 

of the mammoth, as has been observed, 

having been obtained from the caves of 

France, Switzerland, and Belgium. We thus have broogj 

us in the Creswell caves a most important chnptcrit 

of early man, a sequence of implement-bearing bed^ 

a progress in civilization such as has *' not been obecrvod i 

f caverns in any port of 

e Ptilii.H)lithic age of mai 



the earlieEt, that in which mui wag a sarue in the rerr 
lowest state of culture, with soch toob mAj as he coiUd 
roughly fasliion out of the Dearest pebbles, a raogle flake or 
two struck from their sides being sufficieot to adapt them 
for their reapective nses, whether as axes, or hammers, or 
scrapers. Then came the discovery of flint as a more tractable 
material, and also giving sharper cutting edges ; and flint tools 
were gradually improved, and bone and other materials were 
also made use of. The men who used the more perfectly shaped 
implemente, especially those made of bone^ ma«t have been 
in a higher state of civilization than those who had but a 
broken pebble; and the discoveries at CresweJl, where the 
more finished type of implements is found above the ruder, 
show that the more civilized man succeeded the earlier savage 
race, or else tliat this latter, in the coaise of ages, improved in 
the arts of tool-making, and learnt not only to Khap<: the flint 




e elaborately, but also to make use of bone for domestic a 
other piuposes. What these Paleolithic men were like we hav| 
no certain means of knowing;, but it has been shown by a cai 
ful comparison of their implements and habits of life, so far a 
these latter can be ascertained, that they may not improbably 
have been of the same race as the existing Ewkimns, a hardy 
race of hunters and fishermen, who have in the long course of 
ages been driven gradually, in company with the reindeer and 
other arctic animals, to more northern climes. It is strange for 
ns to realize that these men once speared their fish in the ice- 
boraid rivers of England and France, roaming with the changing 
seasons as far to the south as Switzerland, and to the north as 
Derbyshire and Yorkshire in England, in pursuit of such animals 
as the horse, reindeer, urus, bison, and even the rhinoceros and 
mammotli. It is strange indeed to realize all the wondrous 
changes of climate, physical geosi'aphy, and of human history, 
that have taken place since that remote past, when man, the 
hanter and fisherman, made Ids home in the caves, and wandere d . 
through the far-extending forests and awamps of these C0MJ| V^ 



We are carried back in thought to days when the 8coUidi, 
EngUsb, and Welsh highlande were bound in an icy raiment; 
when large glaciere descended from the mountain i^aake into the 
valleys, where the reindeer, the musk ox, the glutton, and th; 
arctic fox found a congenial home, and where also the aaimab 
of warmer climes were constant ^-isitors: days when Englaiid 
was united to Europe, and even the hippopotamus could find its 
way, unhindered by ocean barriers, into tlie rivers of Totkabire. 
We may perliaps picture to ourselves conditions somewhat like 
those yet prevailing on the western coast of South America, 
where the glacier descends into plains of almost tropical heat: 
and we can understand how, under such circumsUQce.*, the 
aeverity of an arctic winter would force the animals of U» 
northern i-egions to migrate even as far south as the Pyrenees, 
whilst the rettuning heat woiJd tempt snch animal!! a» the lion, 
the leopard, the hyaena, and the liippopotamus as far to tl» 
north as central England. We thus find commingtetl in one 
common grave, Imjuch in a perfectly similar state of presorvatiita, 
evidently lying where they were first deposited — a clear proof of 
contemporaneity of the representatives of faimag which are now 
so widely separated. Strangely different must have been tha 
England of those days. Through the centre of tbat region no* 
occupied by the German Ocean flowed a great river, ri^ng fu 
south in tJie Alps, and receiving among ita tribuiariao the 
Thames and the llumber : from its banks probably stretched 
extensive forests and grassy plains, whilst on the other side of 
Englimd similar plains and forest tracts occupied what is now 
sea. Through tJiis country the variotis animals we have spok«a 
of all wandered at will — deer and oxen, and horses, rhinocertwo, 
and elephants, and the savage camivora ; wiulst amou^ then 
PaliEolithic man hunted and fished, and fought for his life. 
Gradually the conditions of the country changed, may be altxt 
a period of intense cold, accompanied by physical chaiig(|i 
during which the Pleiisiocene men and animals gradually paased 
away, or migrated; a more genial climate prevailed, and with ' 
came also a more civilized race of men, the men of the Neolithie 
period, bringing with them domesticated animals and tlie 
appliances of a higher culture. Age after age has thus pi 
by, and tribe after tribe has pushed on from &r distant homes 
to people new lands, and the newcomers have even disptacrxl tiia 
earlier ones. Civilization has replaced little by little the nidtf 
contrivances of old by the varied implements whicli sub«TW 
man's many wants in these more artificiid days. Tbir roli^ 
tools and weapons of stone, bone, or horn gave place to ot 
of bnjnze, and tlieu of iron. The cave was foreakt-n for the 
in its torn to be left for the house of brick or stone ; Qkjt 
fisherman, and t^hepherd has been followed by tbe^H 
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THE question which lias bo often been raised. How did U 
originate on our earth ? has again been brought before tJ 
consideration of the scientific world by Professor Alien Tbomw 
in the Presidential address delivered at the Plymouth meeiit 
of the British Association during the present autumn. O1 
explanation to which he refers is that which formed a prominei 
feature in the address of a former occupant of the PreHidenti 
chair. Sir William Thomson, who six years ago suggested as 
possible solution of this great question that the germs of li 
might have been borne to our globe by the mett^rit^s whi 
are scattered through space, and which from time to time fi 
upon the surface of our planet. If, he maintained, we tra 
back the physical history of our earth, we are broiight to a ra 
hot melted glohe on which no life could exist. The earth n 
first fit for life, and there was no living thing upon it. C 
any probable solution, consistent with the ordinary coutm 
nature, be found to explain the problem of its first appearaou 
When a lava stream flows down the side of Vesuvius or Et 
it quickly cools and becomes solid, and after a few we«k< 
years it teems with vegetable and animal life, which t 
originated by the transport of seed and ova and by the migi 
tion of individual living creatures. When a volcanic Jsla 
emerges from the sea, and affer a few years is clothed wi 
vegetation, we do not hesitate to assume that seed hse ht 
wafted to it through the air, or floated to it on rafts. Is it I 
jwssihle— and if possible, is it not probable— that the begimii 
^if vegetable life on the earth may be similarly explaino 
Every year thousands, probably millions, of fmgmentH of u 
matter fall upon the earth. Whence came they ? What is t 

(ireviouB history of any one of them ? Was it creattsd iCtJ 
teginning of time an amorphous mass ? Tho i ' 
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BptaUe that, tacitly or explicitly, all men disciinl it. It li 
D aaamoed that all, and it is certain that some, mi'ttmritos 

t fragments severed from larger masses and launched irm intn 

It U as sure that collisions must occur hetwppii grrtit 

a mottng through space as it ia that shipH, steerwi wltliuut 

telligence directed t« prevent collisionB, could not cniiw and ro- 
« the Atlantic for thousandH of yearn with immunity frmn nuch 

tastroFphe^ When two great masBeB come into oi)lliMii)u in 
s it is certain that a large part of each of thoin Ix nmlti-d ; 

ititappearsequaJly certain that in many caiiefia)argiji|iiiiiitity 

IdStria must be shot forth in all directions, much uf which may 

ive been exposed to no greater violence than indiviiliuit piftcoN 

trock experience in a landslip or in blaating liy gim]mwdor. 
old the time when this earth comeH into coltinion with 
her body, comparable in dimensionB to itBt^lf, b(i when it is 
t clothed, as at present, with vegetation, many great and 
'I fragments carrying seed and living plantN and uniRiala 

wld undoubtedly be scattered through Hpace. Hnnci< and ' 
e we all confidently believe that there are at pntMint, aud 
B been from time immemorial, many worlds of lifu IichjiIoh 

r own, we must regard it as probable in the highest dogrou 

t there are countless seed-bearing meteoric stoneK moving 

lut through space. If at the present instant no life oxiattid 

a this earth, one Buch stone failing upon it might lead to its 

g covered with vegetation. " I am fully conNciouM," hti 

"of the many seientific objection« which may b« 

I ftgsiost this faypothesiB, but I believe them to Iw all 

irM^ble. . . . The hypothesis that life originated on 

I earth through moss-grown fnigments from tho ruins of 

other world may seem wild and visionary ; all I maintain is 

■t it is not unscientiSc." " 

Sir William Thomson's views, thus plainly set forth, did not 

'1 to attract adverse criticism. Before we proceed to consider 

i comments which his hypothesis called forth, we may call 

e reader s attention forashorttime to speculations in the same 
ction which have appeared in the writingB of scieutifio men 

France and Germany. 
First, we must refer to a remarkable passage in the great 

wk of Count A. de Byhindt Palst«rcamp, on the Theory 
Volcanos.t He wrote in 1835, at a time when Laplace's 

!ory that meteorites were hut"le<l at us from lunar volca- 
8 was still generally received, and this will account to some 

"Address of Sir William Thoraeon, Knt., LL.D., F.K.S., Pragident." 
to : Tftjlor and Francis. 18"]. P. 37. 

Th^rie dea Volcans. Par le Comte A. de Bjlandt PaUtercamp." 
: LevTBolL 1838. Tome i. p, OS. 



extent for the soui-ce of the cosmictil masses of which he 
treats. What is mainly worthy of notice is their character, of 
carriers of the iaculty of organization, which be attributes to them. 
In the chapter intituled "Principe d'apr^a leqiiel I© premier 
developpement de notre globe peut s'^tre effectiie ? " he wril«: 
" It may be a matter of curiosity, hut it is id nowise oecessarr, 
that we should know on what principle or &om what organized 
body the great mass of our globe has been derived ; it is suffi- 
cient for us that we exist in a manner where everything is per- 
fectly organized, at least in so iar as the aim of our existence 
is concerned. Many scientific men have exercised their imagi- 
nation on this problem without being able to come to any 
definite decision. Some maintain that the nncleus of oiir globf 
was a fragment of a body which in its cosmical path had dashed 
itself into fragments against the sun, which the very close prox- 
imity of some comet to that star gives grounds for lielieving. 
Others suppose us to be a vast aerolite thrown off from the son 
himself* with a force proportional to its mass, to a zone where 
the motion is determined in accordance with the laws of recip- 
rocal attraction, and that this fragment carried in itself tie 
germ of all tliat organization which we see around us, and of 
which we form a part. (Que eel Sclat portait en Ivi U germt 
de toute cette orgcmieation fiue nous obsei'vons id ei dmtt 
nous faiaons partie.) They suppose the satellites to be small 
parts or fragments detached from the chief mass by the violftnee 
of the rotation at the time it is hurled forth, or by the vxeen- 
sively high original temperature, increased by the fall, whii^ 
produced a very violent dilatation of the matter, and severvd 
some portions from it. These aerolites, it is said, by way of 
comparison, contain within them the principle common to tlu' 
l>ody whence they have been derived, just as a grain of swd 
carried by the wind is able to produce at a remote distani'e a 
tree like its prototype, with such modificatioos only as 
to soil or climate." 

In the spring of 1871 Professor Helmholtz deli' 
Heidelberg and at Cologne a discourse on the origin 
solar system, which he printed in the third collection 
interesting " Populiire wissenschaftliche Vortrage," piiblishn) 
last year.t He directed attention on that occasion to the faptf 
that meteorites sometimes contain compounds of carl '"' 
hydrogen, and that the light emitted by the head of 
gives a spectrum which bnirs the closest resemblance 



' lie alludes here id a note to the tbeor; belli by Laplaw and ol 

t " Populiire wisiensuhortliche Vortrage, Von H. Ilelmhc " 
(■rliweig: Vieweg und Soh;i. 1878. Dritto«Heft. p. ISfi. 
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of the electric light when the are U BaTTOund»l bj a gaseous 
hydrocarbon. Carbon is the chancterUtic elemeDt of the 
orgKnic compounds of which all things tiring are built up. 
" Who can siiy," he asks, " whether these bodi» which wander 
nbout through space may not also Btrew gcmiH of life where a 
(£W heavenly Ixxiy has become fitted to offer a habitat to 
jiized creatures ? " The hypothesis, in the form set forth in 
71 by Professor ilelmholtz and Sir William ThomsoD, was 
jorously handled by Zollner, of Leipiig, whose work, " Ueber 
3ie Natur der Cometen," appeared in the following year. In 
the Vorrede of his book he passes his countryman by unmen- 
tioned, but declares Sir William Thomson's proposition to be 
unscientilic, and that in a twofold sense. Iif the first place, he 
maintains it is imscientific in a formal or looical sense, in that 
it changes the original simple question, Why has our earth 
become covered with organisms ? into a second. Why had that 
heavenly body the fragment of which fell upon our planet 
become covered with vegetation, and not our earth itself ? *' If, 
however," he adds, "bearing in mind an earlier diet um,* we regard 
inorganic and organic matter as two substances from all eternity 
divers^, just as iu accordance with our present views we con- 
sider two chemical elements to be diverse, such an hypothesis 
as that now advanced must be at variance with the destructi- 
bility of organisms by heat which experience has taught us." 

" Again," contends Zollnpr, " the hypothesis in its material 
bearing is unscientific. When a meteorite plunges with pla- 
netary velocity into our atmosphere, the loss of vis viva arising 
from friction is converted into heat, which raises the tempera- 
ture of the stone to a point where incandescence and combus- 
tion take place. This, at all events, is the theory at present 
generally held to explain the phenomena of star-showers and 
Sre-balls. A meteonte, then, laden with organisms, even if it 
could withstand the sundering of the parent mass unscathed, 
and should take no part in the general rise of temperature 
resulting from this disruption, must of necessity traverse the 
earth's atmosphere before it could deliver at the earth's surface 
organisms to stock our planet with living forms." f 

Helmholtz did not long delay in replying to Ztillner's criti- 
cism on this question. An opportunity occurred during the 
^^nublication, in the following year, 1873, of the second part of 
^^uie German translation of Thomson and Tait's " Handbook of 
^Hxheoretical Physics." The preface contains Helmboltz'a 

^^ " "Dead mutter cannot becoma liriuj matter unlessitbe subjectto the 
influeDce of mfttler Hlready living." 

t "Ueber die Natur der Cometen. Von J. C. F. Zollner." Laipiig: 
Eogelnunn. 1672. p. 34. 
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answer.* He points to tbe fact, confirmed by numerous <it- 
Hervers, tliat tbe larger meteoric atones, during tlidr Inndl 
tlirough our atmosphere, become heiited only on the outer «> 
face, tbo interior remaining cold — often very ooM. Owin* 
which may happen to lie in the crevices of each stones would 
be protected from scorching while travelling through the air. 
Those, moreover, which lie on or near the Burl'ace of the wmJite 
would, as Boon as it entered the upper and and most alt>niuatMl 
stPiita of our atmosphere, be blown off by the swift and viirloit 
current of air long ere the stone can rend those denser Inyen of 
our gaseous envelope where compression is eufScicntly grcttt to 
cause a perceptible rise of temperature. Ae regards that otlwr 
point of debate, referred to by Thomson only, the collision 
of two cosmical masses, Helmholtz shows that the first result of 
contact would be violent mechanical movement, and that it is 
only when they begin to be worn down and destroyed by 
friction that heat would be developed. It is not known 
whether this may not continue for hours or days, or eren 
weeks. Such portions as at the first moment of contact are 
hurled away with planetary velocity may consequently l«^ 
driven from the scene of action before any riiC of tcmpeniture 
may have taken place. *' It is not impossible,"' he aiids, " that 
a meteorite or a swarm of meteorites, in traversing the upper 
layers of the almosphere of a heavenly body, may either scatter 
from them or carry with them a quantity of air containing 
unscorched germs. These ai'e possibilities which are not yrt to 
be taken as probabilities; they are questions which, from tbe 
fact of their esistence and range, are to be kept in sight, so thai, 
should a case arise, they may receive an answer eitJier by actual 
observations or by some conclusive deduction." It should be 
mentioned here that these views of Helmholtz's are also to W 
met with in a supplement to hia lecture on the origin of the ruU: 
system. 

In tracing tbe gradual development of this important contro- 
versy we now arrive at tbe present year, and proceed to di«cu« 
the allusion made to it by Professor Allen Thomson in lii» 
address at Plymouth. The difGcuIty regarding the origin 
of life is, he considers, not abolished, but only removed la a 
more remote period, by the supposition of the transport of gwin* 
from anotlier planet, or their introduction by means of me- 
teorites or meteoric dust; for, besides the objection arUiDg 
from the circumstance that these bodies must have b«ea sub- 
jected to a very high temperature, we should still have cvcjy- 
tbing to learu as to the way in which tbe gernu aroeo ia tbe 

" "nanrlbiichder tUeoretissliea Phyaik. Vim W. Thonnaoti uBd^^. 
T«t." Uab-Jwetitung von IL flfllmhohx iind O. Wertheiia. B ■'^^" 

Vieweg und Sobn. 1W4. Enter Band. ZwsiUrThsil.il. 



fur distZBir ^^s^ws ic '^■dk ^'in. "icxu.-^ 'tss^ ietf^ 

William TliHrnKiiL znatce -iusEt •^jatetzsz^^t^ ii^ T.-2:r -r a rnrrutr 
commiEicaJ^iiL dl "ait ainr ^wslr^ir.ja 'air.*-^^- !& tt*sn!*t ^i 
limit the <HtniHiHiTn ii -iut 'mp^ nr^ ni«e?:i-:z- '^is^ inr ii'-:^Uje 
on a m«?ie«?cs^r T!!iit JijTrtfiiitrsi- "vou-ii tt:^ "^* *^^«aiTi -at* 
bringing- oif ^s^ -ii mr -aBriL dit ii ~ Trp?T^niL t» '^^itt -ut* 
origin of Iff*, aait itt "wmuL iiir irteennr li .in^ ai >-^^.i--mn-im 
of the <>3X£3!it -n: Idt. TTus: "Jir-=i [7ifct=*iiiii» Tauti jPisssr^L 



ing in «pace? Wat Irk- ifasiiie in- 1. 3itf»&iEin^ imit- -aiTintc 7i 
the earth*f fiEibse- r miL. *L.DiiiL iirj i?*n3i* i^'rt nh^- -ui* an*— 
teorite bsd t»=«::mH: fsufftofie^ la. "Utt -taira. - i ittfr^inr:* ustr 
be expoised tf> r^iaz i^ix: 'itelnj^ x T^aifiir* "iie- -21m - Viip-aifir 
or not liie en lias 2n»r.*MEr:*: i-uiiiL i** li^^cr ''^•l i^r -lia:: iiac 
was dependent jlxl lois: onnniaL lc -an*:??!!??- If 1. mfCfiirn^ 
traversed fpoiee 'wrik. t^ lanst^ mitt ilrKvy^ ■^•oen^L z :■ zjh- imr 
that ade wo«cli ce fenrt^rr 1iskis?l. '^itt iciAsr winuL 'zft r-:u£ : 
if it span rovEid ar a -"rVHri-TT rcii- iZ rzi- 9xribi<^ ^v^mlii le^ fc 
one nnifcnn irttpHracicr* i mso if n nci**'! rniK- j*er iinur h 
would hare a high tiOBfftBxmre ol (iii»^ si^ edz zt sa ctrai a$ 
ice on the other. Tht wk^it cr ^on -:f "Uiir scrih::<t vi a 
teorite might a2<ad a /rVa^e fncialiH- iic* fi.eBi^ Zir^s^ f:^ 
destmctiTe to othez& WIicb tiie ZK^-o^T^Kid sr-riDe ^tes the 
atmosphere the gesiik§ gikqi its ssiaoe T-c^iLid le rcirzi c^ loc^g 
before the st<Mie ^^^^"^-^ hggy<<L aad is a fev reai^ ibev mar 
settle down on the earth, take root, azrd grew. But wc^e the 
germs of the exterior destrored hw heat, theie might still be 
vegetable life in the interior. The time cocnpaed by a stone 
in its passage throi^ the air would not be moie than twenty 
or thirty seconds at the outside, so that the crust might be 
fused, while the interior might have a moderate temperature, 
and anything alive in it would Cadi to the earth alive« Sir 
William Tliomson concluded by remarking that after the 
collision of oosmical masses fragments must be shot off, some 
of which must certainly carry away living things not destroyed 
by the shock of the collision, and he did not hesitate to main- 
tain, as a not improbable supposition, that at some time or 
other we should have growing on this earth a plant of meteoric 
origin. At this particular stage of the debate (so we are 
informed by "The Western Morning News'") some one nt tend- 
ing the meeting of the Section introduced the Colorado Koetlo, 
and this was held to be irresistibly funny; thou somoono 
else got up and said he was an Irishman, which was judged 
to be even fimnier still. At length another speaker arono to 
breathe the hope that when Papa Colorado Beetle dropiuul 
down on a meteorite he would leave Mamma Colorado Ueetlo 
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behind, wbich was felt to be far and away the funniest thing 
of all. Some of the Associates, Iiowever^men who bad not yrt 
loanied to know the length and depth of scienti6c "wit'' — 
began to feel iitieasy ; and although a gallantr eflfoit appears at 
this jimctiire to have heen made to win back their conGdence by 
RSBuring them that meteorites really do not contain organic 
matter of any kind, the Section was not to he comforted till the 
telephone was set a-going But to return. 

Nothing bearing the semblance of a plant or even of it* seed 
has as yet been met with in a meteorite ; nor liavo nny of tba 
masses which have fallen on our planet shovni anything ap- 
proaching the structure which distinguishes sedimentary roclB 
from those of a purely plutonic character. The occurrBOC*, 
however, in them, or with them, of organic compounds, of com- 
pounds of carbon and hydrogen, which it is hard to suppose could 
owe their existence to any other agency than that of life ita^, 
and which represent the final stage previous to their final destruc- 
tion, has now been bo frequently noticed that I have put 
together in chronological order what information in this directioa 
from a " world ayont " the meteorites have brought to us. 

1806. March \5th, 5 p.m. — Two stonea, weighing togetbn 
six kilogr., fell at Alais, Dep. du Gard, France. They bave 
the appearance of an earthy variety of coal ; the colour of the 
crust is a dull brownish-black, so is that of the interior. The 
structure is very soft, and friable. "N^Hien heated it emits a 
faint bituminous odour. It was examined at the time of itA 
fall by Thenani and a Commission appointed by the Insti- 
tute of France. The French observers found it to contain 
2'5 percent, of carbon; while Berzelius, in 1834 estimated 
the amount of carlxin present to be 3"05 per cent. In 186S 
Roscoe submitted this meteorite to a very thorough iniestig*- 
tion. He found the carbon present Xa nmount to .^-SfJ per cent. 
Ether dissolved ]'94 per cent, of the stone; the solution on 
evaporation left, crystals which have an aromatic odour, and a 
fusing-point of 1 14' C, and which sublime on the application 
iif heat, leaving a slight carbonaceous residue. The cryatall 
really appear to be of two kinds : acicular crystals, wliich an 
sparingly soluble in absolute alcohol, but are readily taken Up 
by ether, carbon disulphidc, turpentine, and cold nitric ad^ 
aud dissolve in cold sulphuric acid, striking a brown colour; 
and rhombic crystals, which dissolve in ether and cartH>a dinil- 
phide, but are unaffected by cold nitric acitl, sulphuric aciiL^r 
turpentine. An analysis of O'OOTS gramme of the qaiflfl 
soluble in alcohol gtivc the following numbers:— ^^^H 

Sulpbnraus ncid . 0.010 ^iilplmr . . O^^H 

Carlionieadd. . O'OUH Cnrbon . . 04^^^| 

i Wnlvr . U-OOrt llvdro^ . 0^^^^| 
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The atomic ratio of carbon to hydrogen, then, is nearly 1 : 1, or 
that of the reddish-brown and colourleBS mineral resin kon- 
leinite, which occm's in cryatalline plate§ and grains in the 
lignite of Uznach, in f^witzerland. Kraua niakes the fusing- 
point of konleinite 114° C. ; it is slightly soluble in alcohol, but 
much more aohible in ether. Dr. Lawrence Smith, who baa 
recently examined the Alais meteorite, arrives at the same results 
as Roscoe ; and also tbat the carbonaceous ingredient of this 
meteorite resembles in all its physical characters tbose of a sub- 
stance which he obtained from tbe graphite of the Sevier- 
Coimtjr meteoric iron, to which I shall presently refer. 

1838. October- \ith, 9 a.m. — At the hour mentioned a 
great number of large stones fell over a considerable urea at 
Kuld-Bokkeveld, seventy miles from Cape Town. Those which 
t(?Il near Tulbagh are e!)timated to have weighed many himdred- 
weiglits. It is said tbat they were soft when tliey fell, but 
l>ecaroe hard after a time. Tbis material bus a dull black 
colour, and is very porous and friable. Harris, who analysed it 
in 1859, determined the presence of 1-67 per cent, of carbon, 
and somewhat more than 0"25 per cent, of an organic substance 
soluble in alcohol. Tbis compound is described as possessinga 
yellow colour, and a soft resinous, or waxy, aspect. It readily 
fused with a slight rise of temperature, and when heated in a 
tube it was decomposed, emitting a strong bituminous odour, 
and leaving a carbonaceous residue. Some four years ago I 
was considering what should be done with a trace of this sub- 
stance, so small in amount that it could not be removed from 
the vessel containing it. I was unwilling to throw away even 
so small a quantity of so precious a substance, so I drew off the 
neck of the flask and placed it in a dark cupboard ot a room, the 
temperature of which, during the greater part of the year, 
is unui^ually high. In the interval this organic compoimd 
has sublimed, and is deposited on the higher parts of the vessel 
to colourless and well-defined crystalline plates. 

1840.^ — Diuing this year a large mass of meteoric iron 
waa discovered in Sevier County, Tennessee, enclosing a large 
nodule of graphite. " It is," writes Dr. Lawrence Smith, " the 
largest mass of graphite whicii has come under my observa- 
tion, and is perhaps the largest known." Its dimensiims are 
60 "" by 20 "" and 3.5 """, and it weighs 92 grammes. Two 
grammes of tbis uodulewere reduced to powder and treated with 
ether, and tbe liquid on evaporation lelt a residue weighing 15 
milligramme:^, and possessing an aromatic, somewhat alliaceous, 
odour. It consisted of long colourless acicular crystals, others 
which were shorter, as well as some rbomboidal crystals and 
rounded particles. Tbis extracted tjubstance melted at about 
ISO^C. When heated in a tube closed at one end it melts and 
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then volatilizes, condensing in yellow drope, and loavingn carlo- 
noceooa residue. Dr. Lawrence Smith believes tbut thu tluTE 
elements, carbon, hydrogen, and sulphur, which they contiuu, may 
be in combination, and be has named the metcorie sulphnliydr>- 
carbon " eolestialite." 

1857. April 15iA, io.ll p.m. — A brilliant detonating me- 
teor was observed at this hour over Kaba, S.W. of Debrecnn, 
Hiingaiy, and a meteorite weighing 4 kilogr. was found on tha 
following morning imbedded in the hard surface of a road do« 
by. The crust is black, and the mass of the atone dark gieyi 
throughout the structure black portions of the size of peai be 
scattered, giving the stone a porphyritic character. WtildiT 
treated the stone with alcohol, which removed a white, oik 
parently crystalline, substance possesiting a peculioi' aromanr 
odour. With ether it broke up into oily drops, and appeared to 
be decomposed into an insoluble fluid body and a soluble sotiil 
portion. The solid substance was obtained in a distinctly ccys- j 
talline condition on driving off the ether. It volatilizes is ta, ■ 
fuses in a closed tube, and is decomposed when greater best ii 
applied, a fatty odour being observed, and a black residue IsfL 
The hydrocarbon is believed by Wohter to be allied to oaooeiiU 
or aeheererite. When the powdered stone is heated in oxyji^ it 
turns of a cinnamon-brown colour. This meteorite containi 
0"58 per cent, of carbon. 

1861. — The huge mass of meteoric iron discovered at Cmn- 
boune, near Melljoume, Australia, in 1861, encloses more or lea 
rounded masses of carbon. They are pronounceti by BertbeW. 
who has submitted some of the material to the most powerCil 
oxidizing reagents, to resemble the form of carlxjn which sepd- 
rates from cast-iron on cooling rather than native graphite. 

1864. May 14(A, 8 p.m. — On tliis occasion more than twmtr 
stones fell at Montauban, Tarn et Garonne, France, eome of 
them being as large as a hitman head, and most of them sraaUa 
than atist. The appciuancc which this meteorite exhibits dosdj 
resembles that of a dull-coloured earthy lignite. The mnMetw« 
black and very friable, and fall to powder when placed in W 
this is due to the removal of the soluble salts which oementtk 
ingredients together. A shower of rain would huvp dMtrajei 
them. One hundred parts of this stone contain 5-92 pwti 
carbon itself, partly as a constituent of one organic cotupoui 
which Cloez found to possess the following composition: — 

Cwbon CTW 

Hydrogen ftlW 

OrjifOQ aO-67 

lOOW 
Berthelot endeavoured to reconstruct the body of wU 
^ft^^ a decomposed product by means of hydriodie aeld, ai 
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obtained a considerable quantity of tlie liydrocarbon C„H„j^ 
amilojjous to rock-oil. The reduction takes plat-e less readily 
in this case thau in that of coal. Dr. Lawrence Smith Sn^ 
the corabnstible portion of the material to amount to about 4"5 
per cent. 

1867, — This Indian meteorite, which fell at Goalpara about 
the year 1867 (the exact date is not known), was examined by 
T6chermak,wbo found ittocontainO-85 percent, of a hydrocarbon. 
The quantity, though smaU, materially affects the general appear- 
ance of the stone ; it can be recognized underthe microscope as a 
smoky-brown, lustreless ingredient accompanying the frag^ente 
of nickel-iron. Of the 0-8.5 per cent. 0-72 is carbon and 0*13 
hydrogen. Tscliermak suggests that the luminous phenomena 
so often attending the fall of an aurolite and the " tail " left by 
many meteors and shooting sUrs may be due to the combustion 
of compounds of which carbon forms an important conatituent. 

1868. Jul.y lUA,— Tlie curious meteorite of dull grey hue 
and loose structure which fell on this day at Ornaos, Douba, 
France, partly awes its dark colour to the presence of a hydro- 
carbon. 

1869. January \st, 12.20 p.m.— A most remarkable fall of 
stones took place on New Year's Day, 1869, at Hessle, near 
Upsala ; it is the first aerolitic shower recorded to have taken 
place in Sweden. The meteorites have so loose a structure 
that they break in pieces when thrown with the hand against 
the floor or frozen ground. The most interesting feature of 
the Hessle fall is the association with the stones referred to 
of matter mainly composed of carbon. The peasants of Hessle 
noticed that some of the meteorites which fell on thesnownear 
AmiJ soon crumbled to a blackish- brown powder resembling 
cofFee^ounds. Similar powder was found on the ice at Haf- 
slaviken in masses as large as the hand, which floated ou water 
like foam, and could not be held between the fingers, A small 
amount secured for csamiuation was found under the microscope 
to be composed of small spherules ; it contained particles ex- 
tractihle by the maf^net, and when ignited left a reddish-brown 
ash. Heated in a closed tube it gave a small bi'own distillate. A 
qtiantity dried at 110°C. possessed the following composition :- 

Carbon CI -8 

Hjdrogen .'V8 

Oxygen (ailcukted) 15-7 

tiilicic itcid 16-7 

Iron pratoxidc 8-4 
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The combustible ingredient appears to have the compoHtioa 
7iC5H,0,- It was noticed on tliis occasion that the slone* 
found in the same district with the carbooaceous substance, weir, 
as a rule, quite round and covered on all sides with a black, 
dull, and often almost sponge-like, crnst. The iron parttclei on 
the surface of the smaller stones were usuallj quite bright and 
unoxidined, as though the stone bad been heated in a reducing 
atmosphere. Norden»kJold, who examined them, expresses tlic 
belief that this carbon compound frequently, perhaps invariabl;) 
occurs in association with the meteorites, and he attributes its 
preservation in this case to the fall of the stones on snow-covered 
ground. 

1870. — During this year the Swedish Arctic ExpeditioD 
discovered in the basalt of Ovifak, near Gudhavn, Island of 
Disko, Greenland, some enormous metallic ma^es which are 
generally regarded as blocks of meteoric iron. Like meteoric 
iron, they contain nickel and cobalt, but, unlike that iron, they 
are but slightly attacked by hydrochloric acid. The metal, 
moreover, when heated evolves more than 100 times it> 
volume of a gas which bums with a palo hUie flame, and is car- 
bonic oxide mixed with a little carbonic acid ; after this treat- 
ment the substance dissolves in acid, leaving a carbonac^nus 
residue. The composition of this remarkable "iron," if we 
may call it by that nam^, has been found by Wiihler to be as 
follows : — 

Iron 8061 

Nickel 1-lB 

Cobnlt 0-49 

PbosphoruB 016 

Sulphur 2-83 

Cnrbon 3-07 

OxTj-en 11-00 

100-06 

It appears to be a mixture of about 40 per cent, of magnetite 
with metallic iron, its carbide, sulphide, and phosphide, and iti 
alloys of nickel and cobalt, as well as some pure carbon h 
isolated particles. 

From all this we see though there ia not a particle of evi- 
dence to prove the persistence of living genua on metcnritM 
diiriug their passage through our atmosphere, it is quite ol«ar 
that the cosmical bodies, wliatever they may Iiave been, friMn 
which our meteorites were derived, may very probably lia«! 
Ikh-uo on their surface some forms of organized being;). 

One objection which appears to have beeu raiiacd to 8ir 
William Thomson's theory was to the effect that gunas ci 
not exist without air; another that the low tempei^taH 
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which they would he exposed hefore entering our atmosphere 
would suffice to destroy life. Micheli, in his valuable Coup 
deceit 8ur les principalea ptublications de Physiologie 
vigitale^ refers to the researches of Uloth,* who found that 
twenty-four species of plants which had been placed in a cave 
in the centre of a glacier germinated after the lapse of six weeks. 
Lepidium rudercde and sativum^ Sinapia alba, and Braasica 
NajpuSy had germinated ; and at the close of four months other 
crucifers and some grasses and leguminous plants had germi- 
nated also. Haberlandt found that of a nimiber of seeds which 
had been exposed for four months to a temperature of 0** to 10** 
the following species flourished: rye, hemp, vetch, pea, mus- 
tard, camelina, two species of clover, and lucerne. The influ- 
ence of the withdrawal of air from seeds on their power of 
germination has also been studied by Haberlandt. He found that 
seeds after they had been placed in vacuo germinated as usuaL 
A slight retardation was noticed in the case of the seeds of the 
oat, the beetroot, and a bean, which appear to require the air 
contained in their tissues. In three experiments 58, 32, and 
40 per cent, of the seeds germinated. 

• " Flora," 1876, No. 17. 
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SCEPTICISM IN GEOLOGY." 

TniS is a well-irritten liltle b'Hik, and i» pxplnnatnri- of iu aollinr'i 
doubts regnrdingtbe doctrines of unironmtjnDd cuntinoityas cUbonited 
by I.jell ond Geikie. It "does not deal witli tlia ^atand iDCODtruvartibli 
trutit at Geology, but only willi certHi'u ejtcreBcenceB, vrbich aim nt proving 
the earth to bnve been fmbioned by mecbnnical procesMS RtUl g<Miig oa.~ 
The author anticipales '' rough usage " from ct'i'taia quiTtets, but BiibiaiU 
that the loDg urrny uf hia (atls, together with hia anawua nud objectioni U 
alleged facta, conuot be refuted. The criticifiina of the author telate, be 
stiiics, to " uniformity, or tbo operation of modem cauieei the eleTRtiog 
power of eailbqualtea ; a'o»on of Tocbs by rSvcra ; ucliinitcd dcnudab'tn b; 
atmoapheric deoudatinn, and the antiquity of man on tbe earth.'* n« in^ 
gesta that " enormous exagjienitiona have paved the way for nrroiieOM 
coDclusiona, and that supposed analugy has bten miglnlieii fur evideiict.'' 
After claiming the right to doubt, and slatiug the valtw of doubting fa 
adenco, the author informs hia readers tbnt lie has atudkd the writiagao/ 
the dominant school, and investigated the earth's structure in this and Ohet 
countries himself. Tbe liberty of doubting is pleaded for rather unmeet 
aarily, for if any set of men doubt, criticise, and protest a^insl dcigmatie 
authority, it ia that of tbe modem school of Oeoto^ : and if the author bad 
come amoDgiit them, listened to the debates of the Geological Society, and 
read the current literature of the science duriug the last few jMia, bt 
would bare found that most of hia crotchets are out of date, and that I.yaD 
and Geikie — an autitbe^c combinatioQ of geuiua tind cummoD-phtee— aif 
ont an mucb followed oa be imagines. Should he read the address of th« 
preaent President of the Geological Society, be will find therein the g«B«* 
ally accepted limitation of tbe Iluttonian doctrine, and a prutsst »)pua)l 
the dogma that tbe forces uf old acted contiououaly in tbn aaint dagna. 
It ia not fair on the part of the author to saddle geoloyry witb a tluei; 
because it emanates from a man who has " written a bonk ; " and if fa* bad 
made the slightest inquiry among the professors of GeolojfT in England, Ot 
liad mixed amongst the riniug school, he would bare beard auch a di 
na the following ; "It is etident that the great mountain ciiaiita of tlw 
world are due in tbe first place to upheaval," Tery mutb derided. ~ 
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least knonledge of geolngipnl theDry would hava snved our criti<^.fTOm Iba 
trouble of eutagonizing tUe noliitD tliiit isoiinlaiii formation and ihnt of the 
valeano are identical or nnalugoUB. Lyeli stnted that there is an iDtitnnte 
coanection between the two clnAies of pheooiuena; nod Klie de BeRumont, 
■t least fortv jears ago, attributed inouatain formaliou not to pailial voU 
canic action, or a reiteration of ordinary earthc|U idles, but to the eecular 
refrig^mtion of the vntire planet. Danii, Mullet, and nil ndvHnced tearhers, 
follow this theory. The autlinr demurs to the present rise of Innd. Tbeie 
is no doubt that whlUt there is evidence of the me of hind in ScandinaTia 
during the iK>st-glBcinl and during the historic period, it is not a eontinuoua 
operation : but the fact that there is no positive evidence of the rise of land 
in Sweden at this moment does not mililnte against the nell-ubaerveil facta 
cited by Lyell. All etidence is nut of the demonstriitive kind; if it were 
science would be durk enough ; but tiieru is truth in tbe Bullerinu axiuui 
that probable evidence may approach demonstrable and even moral certun^, 
Willi regard to rivers cutting down p>rges in rocks, the author states 
that they cannot do it, and tiiat they did not do it, the river courte being the 
resnit of cracks, faults, and lissnres. lie protests against the limestone cliSs 
of Yorkshire and Iterbyshire being created by '■ walery erosion." Now, 
auppositig that he knows tiie diHerencs made by (geologists between cliiTs 
and escarpments, he need not be astanislied at being told that inland cliffs 
are not believed by geohigislfi to be produced by watery erosion : and, 
indeed, he will find it tauglit tlint many deep valleys are in lines of fault, 
many in ptreat craoka, without relative tangible displacement of the strata; 
and that the initiatory condition of some profoimd canons wiis n fissure. 
With regard tn the non-erosive power of rimning water and its contained 
sediment both sideways and downwards, it belongs to the ideas at the paia- 
doiers who do not yet revere the name of De Morgan. There are some 
people who will not see what others can. Amongst other paradoses, the 
author tells us that the mud carried down by rivers is no proof of their 
erosive power. 

The theory of sub-aerial denudation is a terrible trial of our author's 
faith 1 and because Stoneheu^-e is where it wo^, and the lurf lies and daisies 
flourish at the same level, century after century, in spite of wear and tear, 
therefore mountain outline!, valleys, and all the details oi the physiographer, 
are not the result ot the elementji. This is a very old objection, hut it is 
worth nothing ; for whilst grass-covered spots Inst longer, others go with 
great rapidity, are worn down, furrowed, and moke up the mud for the 
river and the aea. The evident accomplishments of the author of this 
work, his equally evident want of knowledge of the geology of the day, 
•nd his pinning his faith to " Manuals," are explanatory tn a certain degree 
if Itii views, and of their appearing in print -, but the real cause comes out 
lithe last sentence. There we find the rattle in the toiti there the theo- 
J serpent, wise and even dov^like, shows its crest. Thus the author 
ancludes; "'The hunger of the mind to see every natural occurrence 
Testing upon a cause, and the vanity of believing that modem science con 
account for and explain everything, appear to create in the scientific mind 
a stubborn resistance to the belief in a First Cmue." This is not very 
squent, and indeed ia a gross mistake, to say the least : it is en unwoitliv 
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libel on A grent number of men wbo probnbly hnve le«a uitLro[>nrtnocphie, 
but renlly noblar end ginnder idens of tlie Crentor of rU thiogs than " Vni- 
fler." Fiuftllj, we read, " It will eventufilly be HrkniivlrdgMl ihol, « llie 
time and in the process of fnHbiining tho globe, li power wns e^certed tulally 
different from the prea^nt course of nature." We do uot tbink thnt thij pTu- 
pbecy will be fulfilled ; on tbe coutrnTf, we believe that tbe pfLnutUum of 
tbe influence of the primitive enei^eB is true, and cbnmcterietic of tbe b- 
tinite wiadoni whicb in the moral government of the world taught mu ou 
to bear false witness egtunst bis neighbour. 



DERBYSHIRE IN" PREHISTORIC TIMES." 

AS tbe circle of tlie sciences continues to ealnige, il cornea in contact wttb 
Bubjecta which were formerly considered to lie fnc outside its flit. 
Scientilie methods are now-a-days applied to history, to my tbology, and to 
almost all arcbfeolngiMtl Hubject*. Everything that relates to mail in tfa« 
past, when treated scientiticBlly, is in fact fairly cloimeil at tnaterial for ao- 
tbropological study. And the wbolesome elFecI of this ha* been well icen in 
our increnaed knowledge of the early bislorj of our own islnods. Th* old- 
fasbioned type of antiquary tvlio was wont to attribute vverylbing to lb* 
Bomans is not, it is true, ejtinct, but be is cerliuuly becoming rare. 0«t* 
logisla and cnniologiBts have worked hand in bitnd with tbe arclucolugiil, 
and their combined labours have been fraught with excellent reaiilta. Uooe 
caves have been explored, and bHrrows have been opened, and an entirely 
new ligbt has been thus shed upon the history of our " rude fiire&thera." 

Mr. Ilooke renniogton is au enthusiastic explorer of the prabintoiii: onU- 
quities of the Derbysbiie Peak, and takes much inteitst in the little niuieasi 
at Castlcton. In preparing o catalogue of the archiEologicol part of this 
Diuaeum, he was led to jot down some notef on local antiquities, and tbea* 
notes have grown iulo the volume before us. 

Derbyshire baa been rich in antiquarian explorer", amt'iig whom we maf 
mention the niimvs of Buieman. Carringloii, itnd LlewuUyn Jewitt. Bvt 
there is plenty of room everywhere for those wbo renlly wieh tn unit ill 
tbe interpretation uf that mysterious Past which iipeaks only in tli« U^ 
guage of a flint nrrow, or n bronie dagger, or a rude urn. Mr. I'eniuiigt<a 
has consequently been able to add aomething to our knowlulgc «f tliti t*Mt 
by his exploration of some of tbe barrows and cavi'8 in nbicb DetbyiUn 
abounds. 

Itotb loni/ barrows and round bnrrows are found la Derbytbirs ; and 13m 
former, we presume, are, ns elsewhere, tbe more ancient. The lonfibano*! 
formed tbe resting-place of a piebieluiic race with marked dolicboc«phily i 
and the Derbyt^hire tumuli tlius conforiu to the famous authrupoIagictJ dl^ 
turn, " Long barrows and long heads ; round barrows and mand bead*.' 
Tbe round or bowl-shaped barrows contain both burnt and 



" "Notes on the Unrruws and Ilnne Caves of Derbyshire: . . 

of a Descent into Elden Hole." By Itooke Pennington, Il,\.^ ll-Bij 
Svo. London ; Macmillsn ft Co. 1877. ' 



bumle, wLile tbe acuuinpiuijinfc objeett aaij be either of brooM or of ttone, 
<tt of both materinls. Our itutbor hu car«ralty ui»ijMrd tbe raiulte wblch 
w«iv obuioed b; BatemRQ in bu ten jeira' difrfiinfn, end boa fkiled to 
delect any rule of Msocialion. Tbe men of tbe neolitbic mnd of the bronM 
•ge appenr to have had the same euitoma, whateTer etbnic dllTerencue in»y 
have (listiDguished them. We need hnrdl; laj that thin concluiinn run* 
counter to the opinion of most arebteologints, luch a^ Hir John 1/ubbuirk, 
irho believe that, aa a rule, cremation wae pracliM-d in tbe brnnse aifn, and 
that in OL'olithic times tbe bod; nw baricd in a cunlracted poetunt. 

Carc-huntinfr formB an inlereRtinj; part of Mr. 1'finnington'e book. It 
was be who first called attention to tbe tiMurea in the Windy Knolt (juarry, 
which have yielded so rich an oMembloge of pleintocene rnmalnii. From 
these foseib it ie clear that berda or bifoo and reindeer mint ba*o ronmnd 
over the hilla of Derbyshire in tbe pleiMocene periud, parhiipa towarda lla 
close; or, hb our author luggeeta with tome vBgiieneM, in " tbe late (^oloKieal 
time," Professor Boyd BawtdnB ha« itudied tbii fauna, a* bIm that frnm 
tli» Creswell Caves, which have been »o carefully oiplored by ihtt Jlnr. 
.Ma^ena Mello.* Tbe Creawell fauna included tbe mamniolb, the wonlly 
i-hinoceroB, the cave byteoa, and the terrible ■abre-bmlbed niachalriiduii. 
With tbia owemblnge of extinct animal*, tnao iniiit hate lived— man In a 
blnle unqueetionnbly Bavage, yet with iu>me dawning deaire for art. In fact, 
one of the most interesting relics of prehiatorio man which bavo bwin found 
in any part of the country is n piece of b^ne fmin Itttnn Iluod Cave, Indied 
with the nell'defined outline of the lior*« of the period. 

So much indiffereni'e la often diiplnyfd by tba inbnhitanta of b Jlalrlet 
to their local aotiquities, that all enlhuatajitic niploralion of thia kind do- 
serves ec courage ment. We only re^nt that Mr. I'eonin^rton did not IM 
Lis way to illustiating bis deicrtptioM fay a few aagmiajt. 



THE RECORD OF UEOLOGICAI, LITRnATUrmt 



' Io|;ical Ttecord," conlnioing an account of the lltrralure of ^^logy 
tbe affiliated sciences pnbliabed in tbe year lff74. Tbe aneond " Itecord,'* 
giving the aualyais of tbe geological publication* for 187$, ia only jurt pulv 
liehed, its appearance having been delayed in part by tbe occiirrcne« of * 
fire at the printers', which, without alwilutcly deatroying any portion of the 
work, threw obataclee in tbe way of ila completion. 

In our foraier notice we stated that tbia seriea of anniul volumea, if 
carried out, would prove a moit valuable aid to the geologist, and the ap- 
pearance or the second iaaue only serve* to confirm and widen tbii opinion, 
lo the new volume aeTeral improvemeota are introduced — some in ihe typo- 
graphical execution of the work, to render it more ea*y tij consult; one in tbe 
il anaogement, namely, tbe introduction of a heading " Oceania " for 
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Article by Mr. Nello in our preeent Dumber. 
The Geological Record for iifilj -. an Account of Works on Geology, 
', and PalsontolofcY, published daring the year." Edited ' 
iliitaker, B.A^ F.C!.'S. 8vo. Loadon : Taylor & fVanda. If 
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thoae blanils -wbiuli do not rendilj ndmit of being imiufied uailer odiergW- 
grapliical cntegories: i.e. beeides tlie PiLcitio Islnnda, to wbicb III* txnti ii 
UBUollj applied, such isolated spots nf land aa St. Helens, St- Paul, ud 
AmBterdem island, but aleo inrliidiDg, emineoiiBlT it seems tn va, »uA 
islands aa FormiiaH, Jftpnn, Sumntrn, nnd Borneo, whicb the onlinAi^ iradw 
-would c«i'taiDly look for under the bead of Aein ; nnd, moe[ impurtaot of all, 
the ftddition of n rlnssified index if new species to the section i«vtAtA i> 
palnontological contribii lions. To tlio worlring palteontolo^ist tlii* iiutn 
will bti an inestimable boon. It is claseilied only as for Hs ibe grnftt imIo- 
^cnl groups generallj' cnlled classes, nnd under each of these th» spMJM 
are arranged id the alphabetical order of tlieir jruneric names, m that all tb> 
dil1icult<p thnt nugUt ensily nriae from tbe adoption of n claMifleatioa [b 
more dctnil is avoided, and the palaontolngical student haa niHrely to tub 
down a cnlimin or two of names to see whether there la iu the rolumo my 
record of n new fossil in which ho tnny ba intere«l«d. 

The present volume is considerably larger than it« predereasor, anil in- 
cludes, with the supplement for the year 1874, no fewer tbaii 3,3^0 tatiitt 
of papers and separate works publixbed. Tbe labour of preparing all the« 
notices, most of which include n brit^f statement of the geiienl ootent* or 
bearings of the works referred to, must havo been Tery great, nod the llaakt 
of all geolo^sts are due to Mr. Whitaker, the edilcr, and bis ttnlF of «•- 
sistonts, for carrying cut to a successful issne so arduous an nndfrlakinft 
We can only echo Mr. Whitakcr's hope that the number of subscribers will 
increase sulhciently to enable him for many years 
extend his valuable labours. 



DIFFERENT FORMS OF FX-OWERS.* 

IT is B curious coincidence (though perhaps not without its apprnprille- 
ness) that the fn^udsou of Erasmus Darwin should be the groat autburilt 
on what we may v<>nture to cull tbe " prohibited degrees of reIstion«htp* 
among plants. To the older naturalist it was an ea«y matter to diaoiun* 
poetically upon the phenomena of tbe ffrtilixalion of ptonti, then bnt littJ« 
known except to the profesAed botanist ; but he might have f«U his gnuii 
trammelled had ho known auytUing of the wonderful wrii^s of mtrietim 
upon indiscriminate fecundity which the persevering reiearchca of hi* pni 
descendiuit have brought tn light. 

In two numbers of this Review published during the present yearn 
have bad occauon to notice the appearance of works from Mr. l*arwibt 
hand bearing upon this subject, namely, an original lrenli.^< iijinu " R.- 
effects of cross and felf- fertilization in the vegetable kiiij' 
the general evidence from wbirh it may be ioferred Ihut < 
is to be regarded as a necessary process, even in the cns<- < 
flowerB,isbroughtforwajd; andasecond edition of the"..: 
which thecpiss-fertilizotion of the orchids is dMi-ribeil. W« h.m- uj* Won 
us a third volume, tbe contents of which scarcely yield in intereat to tbasarf 

" The DilTereut Forms of Flowers on PlanU of the Sum B, 
Jturwin, M.A., F.R.S, 8vo. London ; John UniTKJ. 
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the aeoond work nbore-mentiotiBd, nnmelj, the deMriplion oftbe diilerent 
forms of flowero wbich occur on pknU rif tha sniue spucias, witli a discua^ 
■ion of tbe purpose ferved in Nnture by these curious and so me times complex 
amuigenieDle. 

The phenomena discuased ia this volume have attracted Mr. Darwin's 
attention foe man; jean, and Tery aooa after tbe 6tttt publication of hia 
■'Drigia of Species" (oaoiely, in 1U02) he comuunicated to the Uunena 
Socie^ his Brst pnper on tha aubject, which related to the dimorphiim of 
the ilnwers in tbe gi<nua Pn'miitn. UtUer papers followed on phenomena of 
the same order otrcurrin); in the genera Lythrum and Linum, and these con- 
stitute tbe foundation of n purtioa of the present work, in which, however, 
tbe autfiur has added hid own more recent obnerralions upon other planl?, 
nnd supplemented bis personal work with information derived from maoj 
trustworthy itourcM. The whole constituteH a most intereating record of 
facts and inductions of great scientttlc importance ; and the popular interest 
of the book is enhanced by tbe facility with which mnny uf the obs«nationa 
may be repeated, ao Ihnt anyone who has a gnnlen and a magnifying- glass 
may with ease enter upon a course of practic'd iuvestigntioa under tbe best 
possible guidance. 

Mr. Darwin's first published researches related (o certain apscies of tbe 
genua Primula, in the eultivnled furnin of which known as tha polyanthus 
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inrt-«yl«l form. 
F ij^wBas, * TBB COWSLIP (Priiitula rerii), enlarged.* 
The floral envelopes on the near side lemoved. 



and the auricula florists have long been familiar with two kinds of flowers, 
which tbey denominate " pin-eyed " and " thrum-eyed." In tha common 
cowslip (P. verit) this difference between tbe two forms is sufficiently re- 
markable (lee Fig. 1.) In the "pin-eyed" plants the style is much elongated, 
BO aa to cariv the nearly globular and rough stigma right up into tbe throat of 



* l''or tbe loan of this and the following figures, we are indebted t 
kiudnesa of Mr. John Murray. 



the 



I, like the hand of n pin, tat above the levet of Ik 
" )r of the tuba nboiit balf-vtir jnn. 
In tbe"thnnii-e;al" pUiit!>, cin the enatrarr, the aoihnrs lire placed 
!□ the tbroiit of the flower; nnd the e'vle, vhicb ianiacb shorter ibin 
preceduig form, only c&rrieB the sotuawbat Hiittened nnd niucb smnote 
atigmn about hfllf-way up the tube of the orolla. In oth« wonli, li* 
relative poaitioiis of the XDlhers Had stifn^ns ia tht> two forms ore lu Dudj 
iia posMble ravereed. For Ibis dilFerence in structure Professor llildebmd 
long fiinee proposed the terra "betero«tjled," which Mr. Daiwia rehuni 
the present work, tdthough he (^ves the preference — jiisUy,Bsit aemulas 
— to the term " heterogenous " proponed by Dr. Aaa Giitv, to «zpivtf tk 
aame condition of the reproductive partn. 

There are certain other differencea in the two fbrmR. Thiu t^e loBg- 
Ktjled plante have the pollen-grNioB smaller than those of the short-tfjUt 
aad of an oblong form, whilst the pollen of the ahort-«t;led plants ia dviiIt 
spherical ; and further, the long-stjied flowers bavu krger ovules and pro- 
duce fewer seeds than their short-sijled fellows. Thi> two forms of flo«<ai 
never occur upon the same plant, and the long-etjled flowen seem t"J op* 
n little earlier than the short-stvled. The shorl-stvled flowers are aart 
fertile than the lonp-styled, the proportion of seed produced being by weight 
nearly as four to three. 

To awertnin the meAoiQg of the^e curious phenomena, vhich be naiunDy 
believed Ui point townrds croas-fertilixalion, Mr. Dnrwin instituted a eptiN 
of eiperimenta on the cowslip, the results of which are very interealinj. 
He covered with net six plants of the short-atyled and eighteen of tbe 
long-atyled form, and found that they produced respectively twentv-four 
and aeventj-fonr unibeU of 6owers. The six ahort-atyied planU furnishtd 
altogether about tlfly seeds, weighing 1'3 grain, hut not a single seed 
produced by the eighteen long-styled cowslips. " Judging from the exposed 
plants which grew all round in the same bed," says Mr. Darwin, " and had 
been treated in the same manner, excepting that they had been exposed 
the visits of insects, the above six short-styled plants ought to bave produoed 
ninety-two grains' weight ioatsad of only 13 ; and the eighteen long-et^led 
plants, which produced nt^t one seed, ought to have produced above 
hundred grains' weight. The priiduction of a few seeds by the 8hort«tyled 
plants was probably due to the action of Thrips, or of some other niioutt 
insect." 

Thus wo have insects again brought in as the marriage-priests of planlii 
and, considering the arrangement of the parts, as already described, in tba 
cowslip, it is ensy to see in what manner the visits of insects to the Sowers 
are made available for this purpose, Tbe flowers of the cowslip and of 
other species of Primula secrete an abundance of nectar, and bees and niotb) 
may be seen visiting them in search of this sweet food. Mr. Darwin 
records his observation of two species of humble-bees sucking out tbe nectar 
in a legitimate manner by inserting their trunks through tbe tliroat of tbe 
flower; Mr. H. Miiller has seen aa AntAop/iorm and a £ciiniyfi'ujsimiUrlT en- 
gaged; andoncefMr.Darnin'ssonscaugbt OucuWai'iriiuciintheacL. There 
ia, indeed, no doubt that insects visit these flowers, and the modu in wliiBlt 
their Bgency is made subservient to the fertilimlionof thedifiVront. 
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lined fwfo]lowsb)'SIr.I)arwin;—"Tlie pollen," he layd, "adheres to aoy 

O object which ia inserted into a flower. The withers in the one form stftnd 

fvl;, hut not exnctlj, on a level with the sligmn of the other; for the 

imce between the trntliers itnd stigmti in the eliort-slyled form iE grenter 

D that in the lonp-Btyled, in the rHtio of 100 (o HO. This difference is 

B result of the anthers in the Inng-etyled form staodiog rather higher in 

■ tabs [ban does the etig-ma in the nhort-etyled, and this fHTOurs their 

wn being del)o^ted on it. It follotra frotn the position of the organs 

It if the prohoscie of a dertd humble-hee, or a thick bristle or rough 

idle, be pushed down the corolla, first of one form and then of the othtr, 

I insect woulJ do in viditin}; the two forms growing mingled together, 

n from the long-stanieneil form adheres round the base of the object, 

i is left with certainty on the stigma of the Iong-st;led form ; whilst 

fflen from the short atumeni of the long-styled form adheres a Rule way 

BTe the extremity of the object, and some is generally left on the stigma 

P the other form." That the two kinds of pollen are thus segregated in 

iture was proved by microscopic examination of that adhering to the pro- 

Kides of the humble-I)eeB and moth caught in the act of visiting the 

," and thus," says Mr. Darwin, "pollen will heregularly carried from 

i form to the other, and they will reciprocally fertilize one another." 

(rerlheleas, the pollen may occasionally reach the stigma even of the 

wer in which it was produced, and thisseems to be especially the cniie with 

« short-styled form, in which Mr. Darwin found that when be " inserted 

Klinstle or other such object into the corolla of this form, and bad, ihere- 

K, to pass it down between the anthers seated round the moulli of tlie 

mlla, some pollen was almost invariably carried dow,. and le't on the 

giun.'' By this means, and also by the visits of minute iusectb, eiich as 

trips, crawling into the tube of the flowers, a certain amount of xelf-im- 

pation is therefore possible ; and indeed Mr. Darwin supposes this to 

e taken place in his early experiments in covering these plants, when, u 

ady stated, the short-styled individuals produced a luinuto quantity of 

By a series of experiments in the ferliliiation of thestiginac of the two 
kinds of flowers by pollen from flowers of Iheir own and of the oppo"ile 
form, Mr. Darwin arrived at results which show clearly enough that ihe 
purpose of this peculiar arrangement of the psrtii is the assiirnnce of cross- 
fertiliialion. He says "four essentially different unions are possible; 
namely, the fertilization of the stigma of the long-styled form by its own- 
form pollen, and by that of the short-styled ; and the stigma of the short- 
styled form by ild own-form pollen, and by that of tlie long-atyled," the 
fecundation of the stigma by its own-form pollen being regarded by Mr. 
Darwin as an "iliegitimate union," and by that of the other form asa'Megiti- 
rante union," in accordance with the hypothesis which he had formed (see lig. 
2). The tablesshowingtberesultsof hisexperimentsbear out bisprevisionin 
a remarkable manner. From them it appears that in the " legitimate " unions 
77 per cent., in the " illegitimate" only 45 per cent of the flowers tet- 
tiliied produced capsules; i)2'0 per cent of Ihu former and only 00 per 
cent, of the Utter being what Mr, Darwin calls good capsules ; that is to 
aay, capsules containing more than one or two seeds ; and the superior ■ 
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fertility of tlio " legilimAte " unions becomes still mote etriking whan «« 
find tbBt the nverage weight of send in good cipfulei tvata le^titaaU sod 
illegibmiite uuioiu is as 5i to 35. Tbua in tliis finl eeries of experiniMiU — 
the results of -which, however, are porhnps n little below the avwnga— 
fertility of the legitimate and illegitimate unions, u shown by percentaei 

PiO. 2. 




resultfl, in weight of seeds, would seeai to sUnd appro xiroately in tbs ' 
portionofSS to 11 ; or, ia other words, the legitimate uniuna aie3}ti 
as prolific as the illegititnate ones. 

The infereoce from these facts appears quite plain — the peculiar ■mi 
ment of the parts ia the flowers of the cowslip is mimife«^tlf int«Bd(d In \ 
in«ure the oceurrence of cros^feriiliiatioD. The general faubi most bait 
been well-known to butimista for many years, seeing thai the distinetinn vf 
"pin-eyed" and ''thmm-eyed " polyanth uses has long been recogniled ^ 
Burists; but their interpretation wns a more difficult matter, and could dol; , 
arise from considerations such aa those put forward by Mr. Uarwin ja np- J 
port of his much-maligned theory of evolulion. As he Mys, wa bftva ii 
a ease to which no pnrellel wna known to exist in the vegetable, nr iat* 
in the animal kin^om, for in this case the indiridual plants " are i'miti 
into two sets or bodies, which cannot be called distinct sexes, fur both «t 
hermaphrodites; yet they are to a certain extent sexually distiucc, lit 
tbey require reciprocal union for perfect fertility." I)ut the diu luoi j 
n found to ho not at all iaulatod ; and tka I 
self and of other obseiTers harA now brMi|U I 
a which the same sort of dimorphUm 



gained, the phen 

rv^esrcbee of Jlr. Dnrwio biui 

.0 light a number of plants in 



L majority of the species of Primula, cortiun »pBcie» of JJnvm, a 



rubiaceouB plantB, and aome otbere, are ftnuid to eibilnt '«iinil»T chancteta ; 
and them ctues are all described in the work before ua. 




Tbe discorei; of ttill more complex sexual arrangementa in tbe 
Purple Looaectrife (Lylhrum laliearia) was made b; Mr. Dnnrin and ^ 
■cribed bj bim, aooti after tbe publication of bis obMrrations on 
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.1 proporti 
mid-^yUd, nnd »lKirt-slyUd flower; 

rodili'i!«ntlengtbs(9eeeg.S;. In tbelong-stylwlfoTm the »tj!( 
proJMtB fur beyond tlie biz long etnmens, which nre uf middle Im^, cotn^ 
ponding in Ihia reaped witli thi; pistil of the mid-atyli>d foTm, andprnlndK 
iviili the »iyle, from lliemoiiUi of the flower: within the flower iiT»«x short 
etiinien*. Intlie uiid-«tyled flowers tho six long Mnuiena nre nbnut tut lao^ 
t»t the style in the loiig-atyled form, with llie longest stamen* in whirh lb< 
vtyle corresponds in length, nnd the short eUniens are i^niin Bnclowd wiihia 
the caljx. The ehort-Btyled flowers have the pianl entindv connilad 
within the flower, whilst both sets uf etAmeos projuct from Ite ay 
nnd are lespectivelj of the length of thu longest ■tamens in the other 
two fomiB. Uy a eerieg of experiments, far too complicated for us to atlMnpt 
to give fcuj account of Iheio here, Mr. Darwin ascertained llint the pollen 
from each uf the three kinds of stamens is destined to fiirtiltf e the pistil of 
corresponding hnglh ; the fertility of the legitimate unions on this prinriptr, 
■'aa judged by the proportion of the fertilized flowers which yielded ca^ 
siilea, ie as lUO to 33; and judged by the averKge number of seeds par 
CHpsule as 100 to 40,'' But taking the avtrage number of Eeed» per flo*»f 
fertilized, the proportional fertility is ns 71-SO to 11-03. Aa Air. Duiris 
indicatef, the peculiar arrangemenla of the parte in this plant alio 
specially adapted to the requirements of fertilization by the agencj eT 

Several other irimorphic species are noticed here, and thd details of 
ex Derinients made upon Ihem tahulnted. The experiment* iinJ tabh 
necessarily ofnsomewbat complicHted description, seeing that in toe nt^e of 
a trimorpbic plant of this kind six legitimate and twelve illegitimate ukIihu 
are possible, and ull these had io be tried io order to get at reliable nssultL 

Side by ude with these elaborate proviaiona for securing croia^ertSi» 
tion it is eoniewhat singular to And that in gome species of plants tben 
prevails a dimorphism which ecrve a directly opposite parpose. A COB- 
sidtrable number of plants (Mr. Darwin here gives a list of fifty-five gewm 
including; them) hear what hare been called cleistogamic flower*, wfaid 
never open at all, are more or less imperfect in their structure, and jet b«ar 
un abundauce of aoed by a process of eelf-fertilizBlioD. The ubjcct of ilia 
peculiar arrangement, which may be observed in common specie* of ViJa, 
in the wnodsoTTel, and many other well-known plants, is, uccording to thi 
author, the production of " an abundant supply of seeds with little eiptD- 
diture;" and he adds, "we can hnnlly doubt that they have had their 
structure modified nnd degraded for this rpecinl purpose ; perfect flomi) 
being «till almost always produced, so us to allow of occasional ctw*- 
fertilizatinn," which he has proved to be possible. In soma imitances, aW, 
of which one is fiimisbfid by the pansy (Viola tricolor), there are twofonM 
of flowers, one much more conspicuous than the other, and adnfifpd ['■ CIl^■*- 
fertiliiation by insects ; whilst the smsller flowers, althouL!^ ■ 
cleistngamic flowers, are more or less niodifled to insiir>' 
In these cases the two forms of flowers are produced upon 

Mr. Darwin's researches upon what he calls [he Ulet'iuiiMin- -.i .j.., i. - 



il dimorpLie and triroorphic plants proved them tobeliavo very mncti after 
* " iQ of hjbriili between diBtinct speciea; and tliii leads Lim to discuM 
e queiSlion of hybrids at bodib length, imd more eiipeciallv the hybrids of 
« Bpeciesof Primula, which are numerous eTeu in a state of nature. lie 
ratioea the peculiarities of monfficioua, dicccious, and polygftmouB 
of nliicb he mnintains that, " as the separation of the sexes would 
e been injurious, bad not pollen faeun already transported haliitiiolly by 
a or by the wind from flower to flower, we may assume tlint the 
« «f separation did nut commeace, and wns not completed, for the eak« 
ortheadTantageB to be gnined by cross-fertilization. The sole motive for 
ihe separation of the aexes," he adds, "whieli occurs to nie is, that the pto- 
duodoQ of a frreHt number of seeds might become superfluous to a plant 
under chnnged conditions of life ; and it might then be highly beneficial to 
it that the same flower, or the same individual, should not hare its vital 
p.>wers tH.\eJ, under the strufiile for Ufa to whioh all organisms are sub- 
jected, by producing both pollen and eeeds," This e.xplannlion is hardly 
satisfactory, and does not apply at all to moncecious plants. Among 
polygaraou.a plants Mr. Darwin diatinguiabes a sub-clnss nbieh he calls 
" gyno-diiccious," in which the unisexual flowers are all females, and he 
says that tbey yield a much larger supply of seed than they would have 
done if they had |all reninined hermaphrodites — in other words, fewer 
slamens than would exist in the flowers if all were hermnphrodite are 
capable of producing sufiicient pollen (or all their pislils. This is pro- 
bably true also of the ordinary monoecious and dicec^ious plants, but slill wo 
cannot see where the necessEiry saving of material or powers comes in with 
tofBdent force to iiccount for phenomena of such importance. It mu.'t be 
borne in mind, however, that these suggestions of Mr. Darwin's are merely 
', and that wa have still much to learn before the " why and 
lerefore " of all these things is laid open to our view. 
~~ ivertbelefs by worlis such as this, chiefly inspired by the new spirit 
rn into nalurnl-bistorj research by the Darwinistic publicationa, we 
>t doubt that progress is being made in llie right direction. Any 
ipl at the explanation of phenomena is a step towards the truth; if it 
nifies itself it is absolutely an advance; if its justiGcation be diflicult, 
^Ttinl, or even impossible, the researches necessary for testing its value 
must in any case lead to valuable reflults. Ereti the steps taken apparently 
on the mut^t indisputable grounds may open que^lious timt it is very diffi- 
cult to answer. Thus, to take the case of the I'riiuulas, many species of 
which, aa we have seen, seem to be specially organized so ns to render 
croBS-fertilization a necessity, we tiod, side by eide with the " beteroatyled " 
apedes, others which are " homostyled ; " and it is hard to nou, from the 
canditioos of existence of the plants, why one set should be so peculiarly 
niudifled, and the other set left in what we may call a normal condition. 
So also with the moncecious and ditecious plants in groups the flowers 
of which are normally hermaphrodite. These and many other matters 
of doubt, which may eaaly occur to the mind in studying Mr. Darwin's 
descriptions of the dilferent fonnH of flowers, furnish objects of study 
which we recommend to the attention of our readers ; they are points not 
yVTj difficult of investigation under the guidance to be obtained from 
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tbe present book, and their investigntian certainly poasesaei a macU bigiii-r 
interest for the boUtniet than tbe mere collecting, dtying', Mtil naBuag «i 
the plants of his district. 



BL'ST.' 

" pUILOSUrnEIiS hnve wiid that ' there is a niaon. a niMoin^, aliil an 
-[ end in Nature.' We Dusts rei^uire more than this— • proof of Iba 
reasoii, a result of tlie meaning, and a coutinuHDce ot the end." 

These are the opening words of Mr. Malct's pn>race to his " Inciilentt in 
tbe Biograph; of Dust," snd we cannot hut think that our readcn would 
forgire us if, having read them, we had abstuned from any further «xainiaa- 
tion of the book. But, ns Thackeray ones hinted, there i* a power of »clf- 
sacriGce in tbe editorial idiosyncnicy, and we endeavourml to tbe brwi wf 
our power to make out what the purpose of the lit lie hook might be. There 
used to he a pbraae current (whether it is still eiiant we know not) wbieh 
ran as follows : " Down with the duat ; " and so far as we remember bun ■ 
signification nut at ait agreeable to the iuipecunioiis. Mr. Malet'a mldi- 
word is, " Up with the Uusl," whidi would sound much plevutei' If «« 
could only make out what " Dust " is. But this u precisi-W the ptmb 
before tw. 

lu hie first introductory chnpler. wbii^h, we believe, ^ivta in the fnrm at 
aphorisms tbe principles of his theory, Mr. Malsl tails us, in tho first plact, 
" that the earth consists of air, water, and dust" He then gites us tlu 
curious piece of infonnntion tbnt " air is compoeed chiefly of axygtxi, 
hydrogi?n, Hnd carbonic acid gasea ; '' and nttitr telling us eomuthing about 
water proceeds to say that " the dry land of the earth is duat ; " and than 
that " dust ia now chiefly composed of everything that grew or lired en tbt 
earth, mixed with tbe dust from which all things were crratod." Hon 
we seem to »ee a glininier of light, and that by dusts may bt> *igoifl«d tb« 
non-aeriform confitituents of the world ; hut n little further an this comfort 
is taken from us, and we are told that " theru nre trnseoua and imn-^nMoai 
dusts." Ill iba next pBragropb we learn tbnt "everything that lirwj or 
grew was cnmpnied of air, water, and diisl," which sounds like a rotnra Is 
the former i-onception ; and then that ■■ these thme elements tbcrrrforv ci 
pose tbe rartb," so that dust ix one of tbe elements ; but wbun we turn U 
Chapter V., which is beaded, " The Birtb of Dust," and in wliich, thervrorc. 
we justly look for something eonclueive, we find oarsolves all abroad ttfais. 
The author, in his playfully humorous style, writing himielf down a Uutl^ 
tells us '' that tbe duBla have nothing tu do with tbe beginning," "Itii 
far within tbe limit of that horizon that we look for tbe birth of our SD- 
ceston. Long previous to this event heaven and earth were created ; 
waters were divided by tbe firmatnenL Light and darknms made tha day 
and night. The second day, that cotnprehnuible measure of int 
'bio time, had passed away ; two measures of ctemity had r 
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19 done in those rneASurea vrna done by taw. Those laws gave direct 
hiofof Bupremney i thej weteinfftUible; they have continued from eternity 
""he tliree elements affected by the laws— ^artb, air, waler — 
were composed of and diviable into many pdrts; each pwt, and the whole, 
were Amenable to the laws." TIiub dust ia aa element, and earth is nn 
element ; but du»t if not earth, for it is of Inter origin ; and there are three 
elements, not four. Is not this " admirable fooling ? " 

Am far as we can understand it, the author'a geological theory, fminded 
upon dust, is a I^eptuniao one, and be h in strong opposition to what hu 
regRidaas the undue I'lutouism of modern geologists, At the some time 
it must be observed Ibiit be considtmbly exaggerates the ealent of this 
t'lutoniam ; and, after the manner of hie kind, quotes over-strong, and per- 
haps hasty BlalementB of opinion on tba part of individual geologists, as if 
they constituted the accepted body of geological science. In this pro- 
~^ I, being able to select his points of attack, he naturally sometimes gets 
6 beet of it ; and he is evidently a firm believer in the Shandean principle, 
tat wbeij you demoHsli jour ojiponent's theory you thereby establish your 

f In Mr. Malet's system of the earth " air and water are active, dunt is the 
I element." The sun is the sole cause of bcat-~its bent and the 
ibid caused (he says "gained") by its nbseuea produce the circulation of 
& and water. This circulation produces force, which acts on duats, which 
Me thereby moved on dry laud and in the water. Tbe^e movements cause 
snbtrnctiona on the surface and on the water bed, which are consequently 
lowered in places, and the surface of ibe water is therefore always tduking (P) 

ild dust is left high and dry. The three following npborisms are curious : — 
Uouotains ate caused by the sinking of waters. Tbe sinking of waters is 
le to the Sim. Mountains are therefore due to tbe aun." And in other 
irts of his book tbe author ridicules the idea of mountains being thrown 
p by any forces of upheaval, whether by the ejection nf materials from 
10 interior of the earth or by tbe crumpling of tbe crust in sbrinkinii'. All 
kinkinge, landslips, subsidences, fractures, earthquakes." are caused by the 
nmoval of subterranean dusts by water. Further, there are combustible 
and incombustible dusts, which undergo pressure by tbe law of gravitation, 
and this pressure condenses dust. " Dust condenses heat, neat acts on 
the dusts. Combustible dusts ignite ; gases expand. Condensed sunlight is 
set free. Eruptions ensue." And you have an explanation of volcanie action. 
*■ The sun," adds Mr. Malel, " is the root of these phenomena. The toot of 
the aun is the Creator. The earth is as it is, because tbe elements have not 
btsnken ' His laws.' " The last axiom probably contains the greatest truth 
k the book. 
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JJlSCOVEIiY of Ox<jgr» 
cuverjes have been mad 



ASTRONOJIY. 

IB tha Sun. — Three isterestiiig nslrcinimicAl di»- 
is hnve been made duriugiliupft8tquiirl«r. UudoubMillT tlienwl 
imporUnt uf these is the diacorer; of oxvj^'en in the sun, bj l>r. IL Xhofei, 
uf New York. Altbou^ch in some respects the discOTeij tnn^r be ng»zM 
HB belonging ritthec to pli.vfius thnii to Bstronomj, jet its rulstion to tk» 
chief of oil the bodies with nhich astroDomy has to detil is loo doM ta 
permit us to regard it ns otherwise ibaii aatioiioniii.'(>l. 

Dr. Umper, who b*» bten engaged now lor seveml yeara in applying pho- 
tography to the celcfltiul bodies and their spectra (wb 'lurBuminary of attro- 
nomy for April iuE), in coinpatiog the part of thu solar spectrum bttwom 
the liucsU aud II with the spectrum of air, tioda that the oxygen lliM 
are repreaented in the solar spectrum by bright lines. A well-iiiarlMd 
quadruple oiygeri line between wave lengths 4,S45 and 4,!i-W coinctdH 
exactly with n hii{;)it group in the solar spectrum. Thia osygea gntf 
nlooe is almost sutiicient to prore the presence of oxygen in lh« mn, bf 
not only does eiicli of the four componenU hnru b repteaentalive in tha takl 
spectrum, but the relntive strength find the general aspect of the bae* k 
each ctue is s'lmiliir. On this point Dr. Dnpcr remark tlial be doM not 
think sufficient stress has been laid on tlie general appearance of Imea kput 
from their mere position ; in phologiapLio representations this point ia mj 
prominent. SeveiHl utUet coiticideucua ure noled, leaving no ruoiu fordonta 
thai oxygen exists in the sun in such a condition tlial tU Uae» «ppMr 
bright in tbe solw spectrum instead of dark like the lines of sodium, of 
iron, &c., and (usually) of hydrogen. As to the exiPtence of nitiogas 
in the sun, there ia not yet certainty. " ffeverlbulcaa," says Ur. Urap^ 
■' aven by cowpniiDg the dilfused nitrogen linos of tbe particular pboto- 
grapb " seloctvd for abowing the oxygen ooiucidances, "in whjcb nilnigw 
has been sacrilimd to get (he best eD'uul for oxygen, the chniacter of tba 
avldence appears. The triple band between 4,240, 4,'22J, if traced DpwBld 
into the sun, has approximate re preseu entires, Again, at 4,041 tbfl mat 
thing is SKRn, tlie tolar bright line being oipecialiy markfid. In anolfaer jiIhk 
tugrsph the iieavy line at il.iXto, trbich in thia picture in oppu«iia an iuuft- 
ciently exposed part of the solar spectrum, shows a comparison band ia lb* 
The hriifbt lines of oxygon in tie solar apeotruffi have not Litbatto 
IHinrivi'd, probably from the fact tbal in eye obanratioD bright luiH 
' t ground do uol make ibo same imprMdoo un the mind m 
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dark lines on » bright backgroimd. Wbea Uteotioa u Mlled to their pre- 
sence the; ue readily bmh, even witbout Uia w<l of s i«f«ieDce (pectnun. 
fiut the plioUgraph brings them mta greatn prottuaeiiM. 

" The diK'orety of oXTgen aud probkblT other Don-nielal* in the bqii," 
Mtirs Dr. Draper, " girea iDcreasM] itrenglh t>> tha ncbuUr hrputhedi^ 
because to manj Ibe absence of thU importaot group ha* presented k con- 
aiderable dJiScullj." He accompaniea bii papvr with a nvr iheoiy of the 
mW apectmni, which he considers we must Jio longer rrgurd as merel; ■ 
condnuous apectruiii with certain raia abeorWl bj a I*jer of ignited 
metallic vapours, but at baring also bright lines and bandis auperpowd on 
the background or coniiuuuus spectnim. Such a conception not onlj opens 
(he wny 10 the discorerj of others of tlie non-metals, aulphnr, pbosphorua, 
selvniuin, chlorine, bronune, iodine, fluorine, carbon, &e., but also may 
account for wme of Uie eo-c^ed dArIc lines, bj regaitliDg theui as bterrala 
between bright linea. 

Ainu Star in Ct/yniu. — Second in importance only to the preceding, thoagb 
probably it will be long before the true wgtiificance of liie dUcoTerj is 
recognised, id the circuiuftance that t)is new star which hlaied out last Xo- 
vember in the coostellaljun Cjgnus seema to have faded into a nebula of the 
gaseous sort. " There is little doubt," says Lofl Lind»a», in a letter to the 
■' Time*," " but that tliis bttir has changed into a planetary nebula of small 
angular diamster, giving a nionochromatic spectrum when eisuiiued oa 
8epl. 3, by means of a lo-incb refractor. The position of the ttat is R. A. 
21 b. 30 m. 52 s. : N. Dec. 42^ 111' 53" ; magniiudu 10^, colour faint blue, 
near nnotherstarof the same size, ralber red. A o-inch telescope will teoder 
it visible; and the spectrum can be seen by means of a direct-visioa pliim 
outside the eyepiece. This would not be the place for specnlating on the 
meaniiig of this most nne^cpected discovery, which indeed will require not 
only examination, but very cnicful examination and discudion, to educe its 
true NgnificancB. Itut without countenancing the statement that it is in 
direct oppotnlion to the nebular hypothesis, we must admit that it runs 
directly counter to the theory that the plruistsry, or at any rale the gaseoua 
nebulffi, are embryo suns. 

Ditconry of two Mooitt of Man, — More interesting to the general public, 
because more readily inteliigible, is the addition of two new satellites to the 
solar aretem, especially as these bodies are found in ntti^ndaoce on a planet 
which hai long beun regarded as moonless. On the nighl of Aug. 11, 1877, 
Profeasor Asnph Ilall observed a small star near Uar", which was again 
observed on Aug. 1(1, when its motion was established by observation 
extending tbrough on interval of two hours, during which the planet moved 
over thirty seconds of arc On Aug. 17 this satellite was further watched, 
and an inner satellite detected, ulso by Proleasor llalL On Saturday, 
.Aug. 1^, thu discoveries were telegraphed to Alvan Clark & Suns, Cam- 
bridgepurt, Miias., in order that if the weather should bo cloudy at Wash- 
ington, they might conlirui the existence of the satellites with the 2(i-iiich 
teleacope for Mr. M'Cormick, now in their hands. The discovery was con- 
firmed by rrufestmr I'iclieriug and his assibtaula at Cambridge, Mass., and 
■1*0 by the Messrs. Clark at Cambridgepori, 

From the observations made up to .Aug. 20, inclusive, Professor Newcomb 



ht^ dcTtred tlw toUowiitg •npnuuflMte areola «lMiiast> of t^ ov^iti* 
probable etron tmiffttd an onl/ tnr lon^ ntiniale*:— 

7^ Older SaUHc 
Major semi-aiiscf aptNtrent orbit, at diMaaca [D'SOSO] t9*'-8iJ 

MajcT •emi-asia of orbit at distaoM ■tnitj' 

I'nntinii anf;lea of apajdes of app&tent oAit , 

Paamge ibrough the wm( ap»ia (p>260^) . . 

Period of revololion SOh>U 

Hourly moUoD in ateocenlne lonptudo . 

Inclinatian of true orbii to tbe ecliptic . . '1^4 ^B 

Longilode of saceDdin)r node 83*'^ j; 

PofilioD of pole of orbit on cebstaal «pbeK : 

long.:W?'« K.A. 3101 

Ut. tOi-ti Dec -t&SS 

Tbese elemeDts give for the ibaw of 3Iar*, one 3t000,000tb utM 

The Tuner SaUOite. 

Major Mtni-aiia of Rpparent orbit, dist. [O-603O] ."W'-O ^l" 

Pwriod of rerolulion 7h.38-lim._ 

Hourly motiou in areocentric longitude . . 47'^-ll. 

l'auo|ID throu|;h tbe (ioatem apuB (p-TO") . Aug.30, ISb.W.HX 

II will be found, on coiapariag Ihe position of tbc^ pole of orbit of the mitaT 
Rfitallite witlitbatof the pnle of tbc Martian eijuiitor, aa iadicaled luourpaptt 
on Man in tlio July number, that the plnne of motion of the outiv «at«Uit« 
lisa TMj near the piano of thu Martian equator. Indeed, wban we cODildar 
the nature of the obscrrationg b; which the positions of both pUn«a hai* 
burn di'ti-miiued, we may fairly *ay that within the probable limits of anwrrf 
obiervntion thoan two planes are idimticnl. l-'rnni the element* giren In i!m 
nUolo on Man, It will be seen that Ihe aA. of the pole of the Uartitt 
^ifVMaria aMumed tharo to bn .112° 4', tbo north di'dinnlinn A<r-I8'.ac«aid- 
Si^ to which the twflpolea would b« di«lant about 4° in R.A.iuid aboot 3f* 
In dMlination. The eonstructijn i^iven in the abovi^-nnmed artida wSt 
tMcoroo atrictl; correct for the antellite orbit, in this or any fulure ]«■ 
(aubjeut alwaya to any change whieh may have to be made in tbo otinatad 
(Jenionta, if, for N, Vi°i) be substituted, and for I (mj^priniMl No. I ta tk* 
article) IW-J. A» it i». the ellipse er repre»enla with conoidurabln corm^ 
neaii the ncurur half of the orbit for the opposition of the piTnent year. 

Thn nift»» of Mara m«y be regarded ita more correctly det^rminftd tram A* 
obsorvBtiona of the outer aatellile during a few daya, than from ■ conUind 
iibservation* nnd a mnaii of laborious computations in nhjdi IjtxtrAtr* 
! the maM had beeu batwd. Sinci! Leveninr dalH^ 
l«if Mar* at une-2,(KW,300th of the aun'a, it folb 
Julnishiid by the diifi^rcnce between OQe-3,O0Uj 



* e»timnte, any oQfi-2Jitb of tbe 3,000,000tl] pitrt of the aun'a muss ; 
or.moce Ibe earth's niBBa = one-350,000tb part of tbeaun'B.ia round numberi, 
tha reductiou ia equivalent to 0De-21i(lh part of tba earth's ra»M. We may 
SBjr rougbly that our estimate of Mars's nin-s^ must be dimiaisljed bj oue- 
200th pnrt of tbe earth's masa, or bj some 30 miiliona of millioaa of milliona 

Spectra of Comeft b and c, 1877. — The Bpectrura of WiDQecke'a comet b 
1877, examined with a Browning aiogle prism upectroacope, by Cupeland 
and Lobae of Lord Lindsny's observatory, was found to eonaiat of three 
bright bando, closely reaembling those of comet II., 18G8, aa figured by 
Dr. Ilu^igioa. The apeclrum of comet c ( Itorelly'a) was found also to con- 
siit of three bright bandp, but not coinciding vilh those of the other comet. 
They seem to correspond with thuse seen by Huggins in the apectrum of 
Brorsen's comet of ISOS, and comet I., IS71. The measuiea were all made 
with a spider tine, or a steel cone, in either esse feebly illumiuated in an 
otherwiae perfectly dark field. Lord Lindaay considera the steel cone the 
best, u it givea a broader line, and requires Icsa illumination. 

Ttco Flatt (fit the Moon'i Limb. — Ur. Ralph Copeland has recognisied two 
remarkable "flats" on the luoon's limb. Tbe positive angleB of their centres 
■were found to be 2W 28' and 372° 30', tbeir lengths being 1' 31)"'I and 
1' 18" -2 reapettively. They coiuciJed sensibly with a spider line through- 
out their cnlire lenpth. Assuming the lowest points to have been eiaclly on 
the moon'E limb, these measures give the following reaults: — 
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Length in are of moon's limb . 


. f,°4B' 


4° 31' 


Apparent depth 


. l"-i>4 


0"-78 


„ „ in fuet, about . 


. 7,200 


4,500 


Selenocentric latitude 


. - 14'^ 20' 


-6°!' 


„ longitude . 


. +87 18 


+ 80-41 



It aeems highly prnhnble that these indentuliona are identical witli two of 
those seen by Cooper Key on Sept. 0, 18(i3. Dr. Copeland, nftor uoiuparing 
together various observations, comes to the cooclu&ioos that, — 

The first depression b moat probably caused by the prBsence of the adjoin- 
ing ring-plain«, Amgariui and Sehaiiii, on the moon's limb; 

And that the second depression is undoubtedly a vertical section of 
KiUlaa; 

CoUcetire Light and Distribution of lite Fixed «(ir(r.— Mr. J. J. riummerhas 
endeavoured to determine the total illuminating power of tbe stars as com- 
pared with acknowledged photometric standards. He finds that tbe total 
illuminating power of all the stars above the horizon at one time is not leas 
than one-eightieth part of tbe illumination due to the full moon, in deal- 
ing with stars of lower magnitudes, he ia led to the conclusion that eilher 
Argelander'a i^uffAuit'iferun^ contains many stars (more than one-third uf 
the entire number) which, though rated as U'^ magnitude, ere sensibly 
below it, or else it must be aasumed that at the average distance for stats of 
this magnitude a denser stratum actually exi.'^ts, succeeded possibly by 
regions less fruitful beyond. "Having been led to the latter coP"'"-''"' in 
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□ppoflilion to preconceived iJeni," he "considers tbat tlie enormouik in* 
oteaaed ratio nilh wLioli ihe numbers of the telescopic tltas u« multiplied 
ia deserving of increaEod interest nad continued disciuaioii." A Terr brirl 
study of Mr. Proctor's cbut projection of ArgeUnder'a Dui-ckiniuttni^f 
shows thiit Mr, I'lummer's coBcluaioD, tliouj-h not correct for the stiU'VphcM 
tta a irhole, corresponds with what is obsorTcd over the region of the Uilky 
Way. 

Tico nea Iitequalitifi in the Maon't Longitrntr. — In June 187(1, a < 
epondent of the "English Mechnuic" pointed out, OTer ihe rii^iialun 
■' W. a, p.," two thdoreticfd inequfditiea in the moon's longitode which 
hod not hitherto been noticed, suggesting thnC Ihej may pmaibly cxpUia 
Bome nctufd inequalities observed in the moon's motion. " Same ytm ago I 
found," he wrote, on June 30, p. 406, vol. xxiii. of the "Engibb Mechanic' 
"thnt there were two iaequulities, due partly to the direct and jmrtlylo 
the indirect actioii of Jupiter ; the one of which aftroes very exactly b 
period, and the other very furly so" with those mentluued . . . Tbey 
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wheie I represents Ihe mean motion of Jupiter, t'iot nf Ibi 
unity, and -OOCSOa being taken for that of i; bIjo « arid a 
longitude of Jupiter and of monn'a perigee when I -0. " Th" pAriod of the 
above ia very nearly 27-434 days, which falls within the nalTow litnlb 
37-42 and S7-44, given by objervsCiun. It remains to be eeeii trbstbtf. 
beudes this, l"iepreseot> pretty well the proper amount of tbo ineqtUkHtyst 
its msximum, and n-bcther a maximum occurx at the proper iLrao. Witb 
regard to the long inequality, it will be of the form — 

pna ((2-2."-2'')(-2«+2aI 

its period will be about I'j^ years. That of the observed i* ^ven K 
]6j years, with a probable error of half a year; and therefore with a 
posiiible error of eight months this would malie it within tb« period of tU 
calculated inequality." In later numtiers these inequali^va were diacuiNd 
by " W. G. P." and by another skilful mnihematician, W, C. Evans, wb« 
analysed their value, describing fully his method of procedure, imd in p»f- 
ticulnr explaining carefully, for a third cotreipandent, " N.** (undnrsEuod ti 
Lave been Mr. Neiaon), certain diiEcultiei under which " N." Ubound, 
Nine months later these identical inequalities were submitted to the liMto- 
Qomical Society by Mr. Neisun, and ao fur claimed as hi>, that 
which sppeaied in the June number of the " Moniiily Notices," l'n>tea0 
Newcomh, unaware of their prior discussion by " W. G. 1'," and Mr. P.raai) 
speaks of then) oa " new inequalities in the moon's longitude pointed Mt 
by Mr. Nelson." We would suggest to Mr, Nuiauu's coaaid«ratian that Ui 
procedure in this matter has been ill-considered. U« baa, wo will amt 
been able, directed as he was by the two mathematicians referred to, Hi 
calculate these inequnliljes, with closer approximation tu their Lriw ntl 
Whatever credit may be due to him on this account would gladly hafs 
been accorded ; the credit of noticing the inequalilies he abould not ttati 
claimed, for it is not hia. 



soiBsnnc suxhabt. 

¥ Jtotaiioii of Saturn. — Profeaeor IIbII, from obsprtntiona of a whil 
il below the ring of Miirs, finds the pknct's to tnt ion-period to be 

10 h. 14 in. aae 8. + 2-30 a, 
it W. Herscbel's eslimate wns 

10 h. 10 m. 0-4 9; 

the estimate commonlj described as bia IntsBt, viz. 10 h, SO m. lG-8 a., 
never haviDg: been given by liim nt nil, but being in realitj Lapliue'a 
ibeoretical estimate of tlie periwi of tlie ring's roCstion. 

Phenomena for tk» Quarter. — The most iatereatiug pbeoomenn during 
the next quarter will undoubtedly- be lbs clnae appronch of Mars nnd SHlurn, 
at 4 i-si. on Not. 4 : Maw will be 11' north of Snturn, Neptunu will be in 
opposition to the sun on Oct. 2f, at 11 *.M. Venus will reach bar grenlest 
custerly eiongation on Dec. 11. Mercury reaches his jtreatest westerly 
eloDgalioa on Oct, 12, his greatest easterly elongatioD on Dec. 2u. 



CHEMISTRY. 



Damfiim. — Sergius Kom, of St. Petersburg, has Bent to the "Compti 
rendua," 1877, lisxv, "3, a short notice on the occurrence ot a new nioti 
belon^Dg to the platinum group, to which he hna given tlie above nami 
The new element occurs in a specimen of native platiuum, doubtless from 
IluseiaD locality; it is not stated, however, whence it was derived. Th 
material wliich he had tc work upon posaessed the mlluwing compuaition :- 

IPUtinum 80'03 
Iridium 9-15 
Rhodium 0-01 

Usmium 1-35 
PaUadium 1'20 
Iron 0-4S 
Ruthenium OSH 
Copper 1-03 
Davyum 0-045 



100-135 



flOO graromea of the native alloy were treated by the method devised by 
Runsen for tbe aeparatibn of the metals, and the mother-liquors remaining 
after the removal of rhodium and iridium were treated with an excess of 
ammonium chloride and nitrate ; n dull red-coloured precipitate was formed 
by these reagents, and when calcined it le^ a grey mass resembling spongy 
platinum. When heated in the fiame of tbe oxyhydrogen blowpipe it liised 
together, forming a little bend, having the colour of silver and weighing 
27 gramme. This is the new metal, which ia stated to be hard at ordinary 
temperatures and malleable at a red heat, and tn possess the specific gravity 
of 9'l!d^ at 2^° G. Davyum ia easily acted upon by aq^ua regia, but resists 
-.in a maiked degree the action of boiling sulphuric acid. Potash tbroir«.. 
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down a )'ello*r ptmipitaU, oad sulphuretted bTdtn^en e 

ttdia tm ncid tolutii-n of <t bvDwo tulpbiil^, which b bbck wImb ^ 

Potawium satphocj-snide strikes a led colnur in liilalo wluliccu or tbi 

chloride : & feature whicb, as Kern pointi nut, tli 

rnintnnn irith iron. Tbe autlior doe» not rder to the fart ibal wilutian a 

ruthenium exhibit the Mme Teaction, s<) that it can banDj' b« rvttmA to u 

a churacteriatic property of bij n^w ekment. I{e belieTo*. iiit what mwirii 

vrr^ are not told, that davTuin h the hj^tbcliml cl^oiMit wUeh in 

31pudel?j«?frii claBeilication is pl.ic«d between molThdEnum and ni 

in which caie its equivalent would be 100. Th« reiult* of hia inrutijiatiai 

of the cbeniical and physical properties of the new metal irill be pnhliiM 

in a few months, when it is to be hoped more cLaraclHrifllic martiDni niH 

have been studied. 

Tfif OceuiTence of Il^potiiiphite* in Unman XJiint. — Sc-biiu«d«be>^ ui 
Meissner found bjpnsulpburom acid to be on almost roostant ctmitibtMtnf 
tbenrineorthecat, and to be frequently present in thai of tho dog; StiUsplD 
(" Zeitscbrifl ftir Anal. Chemie," IVll, jtvi, 1^4 ) has now ddeetnl its pf 
«nee in that of a patient siiffuring frotn typhus fever. H« was l^d to tncA 
for thin acid througih his attentinn having been directed to an tinuaiul r 
action whicb the liquid exhibited with eilvcr-solulion, during a vobuaftde 
determination of the chlorins : a ri^attion which thoae who perronn aoaljra 
of this kind would do well to study. Id tbe case which he cvaniiuJ hi 
found that I'S gramme of sulphur passed from tbe body every twentj'fun 
hours in other forms than that of sulphate. Ciilculated as hypoeulphiU, il 
would amount to a daily yield of 23-5 prammes of that salt. 

Prepnrafion of Jlydi-iodic Aciil. — While writing thai portion of }m 
"Kiirzes Luhrbuch der anor^nischen Cbemie" whicb treats of lb> pic- 
paration of this acid, Kulbe's attention wu directed to tliw methnd gitw h 
the teit-books of Fittig, Von lUuhtpr, and lioscoe and Schurl>imtDcr, whiw 
the quantities of iodine and water employed appear to be far ia «icaM d 
those required to enter into reontion with the prescribed amuunt of pi 
phorus. It is the custom in the Leipzig Laboratory to add. by slow iifim, 
to ten parts of iodine, placed in an atmosphere of carbonic arid, tnw put at 
common phosphorus; and to pour on the mixture cfdi-iodidi- and <ri-i "' 
after it has become cold, four part* of water. The appU. ..'' 
heat causes the disengnfceracnt of abundance of bydriodii- . 
contaminated with free iodine. Kolbe tried iheproportiir,- 
ihe three text-books, and first suggested by Vigier, whir, 
water are to be poured on one pari of amorphous phoBphoni«, and 1 
parte of iocbne are to be gradually added ; and be RMb this mttlud n 
When h(-at is applied, much water and littli< acid paai olf, and that liUlali 
itrongly coloured with iodine (Jomii. J^akt. them., IMJ7, ir. 173). 

A A'tw Carbo-ht/drate in Milk. — lEiilhausen has found in millt « 
hydrate which is not milli-augnr (" Joum. I'lakt. Chcm.,'* 1877, k, 848). Il 
occurs in amsJl quantities only, nnd Is easily soluble b wnl 
mis with a small quantity of the cnpper raagt-nt Ibv i 
Iiiid ; when boiled for a locig lime a little cuprous oxide ia drftMiled. U 
e liquid be pretiously wanned with a little sulphuric ai ' ' ' "• * 

Me heat is sulficient to cause a copious reductioi 



dnwn H floeculent precipitnte from mx At^iienixs solution of tlia sulislnnce, 
■when evaporeted to dryness, either by the appliustion of hem, i>r nt ordinnry 
(cujperatuies over sulphuiic auid, there U left a gum-like viacoiu reaidue, in . 
whicli ttie gntnulaT non-cry etanioe subataoce can be recognized. This lO- I 
bction allows that the body nodfr considernlion is not aiilk-augar. 

A Jfine of Great A^e. — Berthelot describes ("Complea rend us," 1877, 
Uxxic. llKiO) awine, probably fifteen or sixteen centuries old, wbicb was found 
in a sealed vessel of glnss at Aliecntnps (Cam/ii Ely»ei), near Aries, and baa 
been preserved in tbe Musia Borely at Jlaraeilles. The glass vessel, which 
ia figured in bia paper, poaaeasee a very curious form, and diaplnys the 
etched, corroded, and iridescent appearance of glass of extreme age, The 
y«llow liquid, which nearly filled the veasel, poaaeased a vinous odour, was 
diatiuclly aromatic, and recalled the characters of a wine which had been in 
coDtdCt with fatty bodies ; the flavour whs hot nnd strong, due to the pre- 
a^Dce of alcohol, ncids, and a trace of aromatic substance, I'he compoMtion 
pv litre was found to be — - 

* Alcohol 4fl0c.c. I 

tlxed aeida, ealiniHted aa free tiirtaric acid . ^'ti grammes. 
KtArtrate of potash O'G „ 1 

Acetic acid 1'2 „ J 

as well as tartrate of lime ia quaad^ which could be recognized, and traces I 
of acetic ether. A trace of sugar, or rather of a substance which could 
reduce cnpro-potasBic tartrate, was recogniied. 

SoitibilHi/ of Sitlpllur III Acetic Jcia.— Liobennann ('■ Wien. Am." 4.1, 1877) 
findd that sulphur is soluble to no inconside table degree in warm concen- 
trated acetic acid, and that a truce ia taken up even by the dilute acid. If 
the concentrated solution be diluted with wiiter, much of the sulphur sepa- 
THtea as milk of sulphur i if it be evaporated with the Sprengel pump, fine 
long prisma of sulphur aeparale ; when cooled, moreover, the liquid deposits 
sulphur in a cryatalline form. All modifications of the element appear to 
be taken up by acetic acid. The author refers to analytical methods where 
these changes occur, and are apt to mislead the cperator. 

ji Med Coluaring Matter arcompanymij Chtorophi/ll. — ^Ilarsten obtained 
two colouring matters from chlorophyll : a cnrmioe (purpurophyll) and a 
yellow ( chrysopliyll). Bougarel has discovered (" Bull. Soc. Ohira., " Pflris, 
xxriL 442) another colouring suh.-ttauce, which occurs associated with chlo- 
rophyll in the fresh and young learea of many plants. Leaves of the peach 
were treated with ether until all the chlorophyll bad been removed, and 
then they were directly digested with alcohol. After the lapae of two days 
the sides of the vessel and the surface of the leaves were covered with small 
brilliant crystalline plates, which exhibit the green hue of fucbaiue by 
reflected light ; by transmitted light they ahuw a line red colour ; certain of 
them were observed under the microscope to have the crystalline form of 
uric add. They are insoluble in water and nearly insoluble in potash, 
acetic acid, hydrochloric acid, alcohol, and ether ; Ibey are, however, readily 
taken up by chlorofonu and benzol, to which they impart a yellow lint, and 
in carbon diaulphide, which they colour red. 
^^Xmotlin. — Liebcrmann and Waldstein have isolated a crystallized product , 
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from Ihe liark of the buclithom' (AAanrniu frangvta) hy trcMiBg it *ilk 
dilule Bodft solution ("Ber. detit, Cliem. OeselL," is. 17"i»). An Uttljw 
of the purilied aubsUuce gnve numbcni coiiespunding with tlie r^moli 
CijIIioOs, which Liebwinann bw shown to be thnt of emodin, first oht»Jn*l 
by I)b La Rue nnd Miiller from rliubarb ri,[il. The bork of tbe bueVthiBO 
contnins about 0'2 per cent oF this aubstnnce. When distillMl with tm 
powder it yields a mixture of nnthmcene and metbyi-antbrnoirDc). Wbtthcr 
fraofiuUnic add also eicisCs in this bark bu not yel hceh detPnninn]. 

The Phoiphin-acence of Organic Compimndi.— Y(MAzax«'in\d fltid» tl*t 
formic aldebvde nod grape sufrar, when mixed with an alcnboljt? MlutiniU 
potnab, nnd warmed in prewoce of ur, become pboipborescanl ("Be:bl«tl«f 
Ann. Vhysik und Cbemit?,'' 1ST7, i. 24:1). Aa Ducheinin hna nolic«d tiiU 
Nuctiliiea miticru can produce n burning sensation on die ahia, it appiwi 
possible thdt it miiy aecrele formic aldehyde, which changes in preucm al 
oxygen to formic acid. The phoapboreiceiice noticed in the due of fnpt 
sugar is a further iodicalion of the probability of its being of Ihonatuini 
an aldehyde. NBurine, which doea not form aldehyde ucdw Eirailar ciictm- 
etaacee, is not phosphorescent. 

Action of Carbonic Aviil.—'ii'i'\it bos called attention {^ Annalia jf 
Cbemie," clxxxv. S66,i In a number of apparently flnomaloua decampiKilkn 
produced by carbonic add, in which atronger acids, eucb •« pboapfaotieidd, 
acetic acid, and chromic ncid, are expelled from theii coruiKiiJiiiIii by bmu 
of carbonic acid. 



GEOLOGY AND PAL,«ONTOLOGT. 

A Gigantic American DinaMiar. — Tbe Cretaceous depoMta of Colorado bin 
lately yielded porliona of a Dinosaur, which would appear to bare kzcmM 
io naignitude any terrestiial animal of which we have any knowkd^ 
Professor Marsh descibea it ("Silliman'a Journal," July, 1877.) undar th 
name of TUanotaurxu mimtamu. The most characteristic parts presBnod U* 
the last two sacral Tertebrs, with their transverse processes, and portion* </ 
the posterior limbs. The TBrtehrre are remarkable as baring such deep coa- 
cavitiesasmnterially to lessen their bullr, in which they aomawhat agn«wift 
those of Eiicamerotui or Streptospondyhu, described by Mr. Hulliei bat E» 
Rome cf the vertebne, at any rate, Iheru are cavities in each aide, wind 
communicate with the surface of the vertebrv through a forauieo optfiaf 
below the bnoe uf the neural arch. These cavities the author bt'lio«« to b* 
pneumatic. From the measurements oflhe parts preserved l'rof»Kir HhA 
estimates the len;;lh of tha entire animal at from -50 to (k) Uet, and ha be 
lietw it to have been berbivornus. and a distant ally of the small ifofrr 

agilia, the only Dinosaur hitherto found in the Cretaceuus of li'iiwii 

'Carboniferout Jfri-actiiuUid Sfionge. — Mr. Carter has called aCtnliM 

Mag. Nat. Ilisl.," S«pl. 1677; to the occurrence in Ibc loMt 

liferous Limestone of Dairy, Ayrshire, of foLMJlized portiafit of t 
sarco-bexactinellid sponge, allied to UijaUitusma. The fosaila cousitl ft 
spicules and fragments of spicules, among which 

:ule-3 of the body iVi »itu, the long linear anubaring spicules, bt M 




BotBvnno sumuBT. 4SS 

tliTe« specimena of the ' lush ' or ' glass-cord ' in xiiu, and IragmenUi of tlie 
fluked ends of the anchoring spicules of the enme lafh, probably, but 
aiparaU," thus fumishiDg all the skeletoa-^piculea that » hjalonematous 
sponge could preseiiL The fiesh 'Spicules, from their miauteness. could 
hardly have been preserved. The author is of opinion that probably the 
fomls described under the name of Acanthntfiowjia, McCoy, and Pralo- 
gpaagia, Salter, are also remains of sponges uf the same ^^up as the 
sbove. 

A new Britith Coral. — Professor Nirhoison and Mr, R. Etheridge, Jun., 
hare described ("Ann. Mag. Nat Hist.," Sept 1877) a new specias of 
tabulate coral, which they refer to Professor Dana's geuua TelrnJiwn,' liia 
diatiaetiT« characters and affimties of which ihey discuss at considerable 
leugtb. They come t.i the conclusion that Tefradinm is cpost nearly related 
to Halynta, but with some alEnities to Chcttrtra. thus forming a sort of con- 
neetiiig link between the two families of tabulate corals, the Hab/ntida and 
ChceUtid<r. They notice two species of the genus:— the Tetrndium miiiru 
ofSafford, irom the Silurians of the United States and Caoada (Cincinnati 
and Hudson River Groups), and T. iVncAiV, a new species found in pebbles 
of Silurian limestone, contained in the Old Red coDglomerates of Ilabbies 
How, in the Pentland Hills, near Edinburgh, 

A SHurian Annelid. — Worm-tracka bare been long known as almost the 
only indications of the ezistance of animals in certain very ancient rocks, 
but in these nothing more than the tracks have been detected, whilst in 
some foa^liferous deposits, the only traces of annelids iiave been of a umilar 
natare. Mr. G. B. Grinnell now describes (" Silliman's Journal," Sept. 1877), 
some reroains,appBrontty of Annelids, obtained by Mr. A. G. Wethecby, &om 
Lower Silurian rocks near Cincinnati. He regiuda the bodies fossilized as 
probably the jaws of a worm allied to the existing genus Nereit, He de- 
«cribea the largest and moat perfect jaw, which is rather ntora than a tiftb of 
an inch long, as of a dark brown colour, hollow from the base throughout 
t^ greater part of its length, and having numerous denticulatians (eight are 
presenred in the specimen) along its side. The anterior tooth is the largest 
and slightly twisted outwards; the t«etb towards the base ore deficieut. 
Hb also notices another form, which bears eighteeo teeth, of which tha 
aoterior is long and stout, the live following very small, and the remainder 
feharp and strong. This fosml ia only half the length of the other, and the 
nuthor seems inclined to identify it with one of theaetmof a nereiform worm. 

A new Triamc Lizard. — Professor Oscar Fraas describes and figures 
( ■' Wiirttemb, nalurw. Jahreshette, iiiiii. Heft. 3, 1877") a most eitra- 
• irdinary group of fossil reptiles, obtained from a sandstone quarry in thp 
.^[iddIe Keuper, near Hestach. No fewer than twenty-four individuals of 
the same species were found in a slab of sandstone having a surface of' 
about two squBre metres; the animals were beautifully preserved, and in 
■oroe cases their attitudes are almost life-like, all the hard parts, including 
the bony dermal scutes, being there in their natural position. The eilect of 
the group ia increased by the fact that all theee bony parts have become con- 
rerted into virianite, the blue tint of which contrasts wonderfully with the 
greyish colour of the stone. Professor Fraas describes this animal in great 
d«t(ul, and refers especially to certain bird-like characters presented by the 
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akuU, which have led him to give the n&me of AttotmiTV* (or eagln-liiud) 
to the new genus which he est&bli8he« for its receptiun. ITie teeth, wliidi 
are icserl^d in distinct sockets, have n cjflindrical root and a con 
somewhat lance-ehapod crown ; the ceutral cavity is rery widi 
cylindrical root, but (rradunlly narrows towards the point of tie cto»b, 
doriog iia pnasage through which it givea off nnmerouB branched 
towards the periphery of the tooth. Prof«esor Frass regards this tooth w 
more like that of Ptrrodactyliis or Rhamphorhi/nehm, than of a liuud at 
crocodile. The whole body is covered with bony plat«<>, as :s also the loai; 
tapering luL The systematic position of this reptile is rather difficalt ta 
determine. The aathor mse that the bones of the skuU and those of tht 
extremities point Bometimefl to one, sometimes to another type of repSta, 
whilst at the same time the bird-typn peeps forth in the four perforations of 
the cranium, the perforation of the lower jaw, and tbesabre-shapedshouldsr 
blade. He ia of opinion that Aeionuirm is probably one of those Otoitho- 
scelida with lacertilian characterB, the occurrence of which has been 

Archaopteryx. — According to a statement in the "Zoologische QattMi,'' 
a second specimen of Archaopteryx Uthographtai has lately been obtained 
from the quarries at Pappenheim, near Solenhofan, where the only Otker 
known example of this singular bird was discovered some twenty yeaa ago. 
The new specimen ia said to be moch more perfect than the former uoe, and 
especially to have the head entire. 

Food of a Siberian Rhinoceroi. — Dr. J. Schmalhauseu has made a miao- 
Bcopieal investigation of the fragments of food picked out of the cavitiea of 
the teeth of a Siberian BAinoceroi trnttqidtatu ( = tichorhimti), 
the Museum at Irkutsk. He identified portions of grasses, and the small 
twig;s of some woody plants, such as Fima picea, AbUt, LariZf Behi^ 
^hedra and Salii; and although he is not quite certain about the 
most of them closely resemble well-known plants still growing in high 
northern latitudes. This furnishes fresh support to the opinion, originall; 
expressed fay Brandt, that the rhinoceroses and other great pachyderms if 
Siberia actually lived nt or close to the spots where their frozen bodies 
now to be found. 

TAt Qiinteniary Fauna of Giiraltar. — After long inveatigation, Profewir 
Busk has communicated to the Zoological Society the results at which h> 
has arrived from the examination of a large series of mammalia, bonx tht 
ossiferous breccia of the cares of Gibraltar. These remiuns belong to a fsi 
more ancient fauna than that described by I'rofeKoc Busk in a fonnrr 
paper ; be refers them " in all probability to the early Pleistocene, if i 
Pliocene, epoch." 

The following animals are recorded. A species of bear ( t'rtu* ftttOu 
arclot), the spotted hymna (JiT. crocala), a leopard (Feli* parAu), • lyni 
(F. panHna), a cat (F. caUgata), the horse (Equtu eabuUiu), n rbinocerm 
(R. heinil/rrita), two species of deer (one resembling the fallow deer, 
Cerviu llama, the other probably Certiu rlapAaii).a,a ibex ( Copra Auponi 
1 OX (Bm primiffntituT), a wild pig (Shi tcro/a), hares and rabbits, aiid 
' IT of Fleji/iai anli'/Nut. It is reraarkablo that no remains of jh^' 

II monkey (.Whciictim i>iin«) occurred Lu these deposits. 
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From these reanlts ProfcBSOr Busk draws the following concluaion*. The 
lock of Gibraltar, after undcrgoiog its last change?, but while sUll united to 
Africa, was covered with trees, tuid harboured Dumerous large msmniftls. Some 
of these species, such HB the elcphaut and rhinoceros, us now estioct; ui>l 
others, Buch as the spotted hyEena, now exist only in the Bouthem part of 
Africa. The leopard and Felis caligala are no longer found in Europe, but 
the Ijnx and Spanish ibex still inhabit the tnount^ns of Spun. The 
oitire fauna exhibits purely African affinities, and the author infers from the 
oocnnence of Elephat anCiquM, JihiniK-erot henutachut, the hy^na and the 
uta at this southern point of Europe, unmixed with niirthem forms, that 
those Kpeeies probably made their way northwards through the isthmus 
formerly connecting Europe and Afiica at this point. 
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The Held Ei'olved by Mflemiteii in Traverang the Atinonjihere. — M. Qovi, 
ia a note presented to the French Academy of Sciences {" Comptes rendus," 
&ng. 30), discusses this question. M. SchiaparelU has demonstrated that, 
in CFtder to calculate the loss of velocity of a body penetrating the atmo- 
■phere, it is not necessary to know the law according to which the density 
rfthe sir varies in the different strata of the atmosphere traversed, but only 
the barometric pressure at the two extremities of the course, or (what comes 
to the same) the weight of air displaced by tlie body the initial velocity Of 
Itluch is known. M. Schiaparelti bos also ascertained that the velocity of 
meteorites varies between 16,000 and 72,000 metres per second. Taking 
tO^OOO metres per second as on average velocity, M. Govi calculates that a 
BWteorite penetrating vertically into the atmosphere with thb initial 
nlodty would have a velocity of only 28,068 metres per second on reacb- 
hgthe point where the barometric pressure is one millim., 5,016 metres at 
toi millims., 606 metres at 100 millims., and five metres per second at the 
leval of the sea. Taking these figures as indicating the lowest effect pro- 
dodble on a meteorite by the resistance of the air, M. Govi calculates that the 
number of calories corresponding to the loss of i>m inna of a meteorite of 14*60 
Ulogr. reaching the stratum of air where the pressure is scarcely one millim., 
would be S,!)31,.117, which would more than suffice to eiplnin all the pb&- 
notnena of light and heat, and all the mechanical effects produced by the 
ptnetnitiDn of a meteorite into the highest strata of our atmosphere. Even 
U an elevati'in where the barometric pressure is only O'OOl nullim., the m«- 
teorite in question might already have developed 6,413 calories, and have 
become visible. This, according to M. Govi, explains the enormous eleva- 
tion of some meteorites the distance of which from the earth has been 
measured. 

Sun-ipoft and Storms. — Mr. Henry Jeula, of Lloyd's, bos lately written to 
tbe ''Times" indicatbg that there appears to bo some connection between 
the prevalence of sun-spots and the number of wrecks posted annually ' 
Uoyd's "Lose Book," and that this may constitute a further link in t 
«^ence connecting sun-spots with the phenomena of weather. He derives 
lua data from two complete cycles of eleven years each, extending from 
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1865 to 1876. He divides encli series of eleven years into three periodi, 
and finds lh»t there are two minimani periods of four yesra at the bepuMof 
and end of each cfcle, having between tbem h lainuiiuia period at Qdn 
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CVanocirCTta,— WeisbMh h»s given this name (" Jahthtich for ffiaw 
■loffie," 1877, p. 406), to the interestinp new member of the group at 
" unnium'tnicAB" wUch occurs in quoitE veins in the granite of BergcOi 
near Falkenetein, in Saxon Voi^tland. It is remarkable for oonUiuBJ 
baryta in place of lime, as the following analytical numbers show : — 

Uranium oxide ...... 55-80 

Baryta US' 

Phosphoric acid 160B 

Water 13-90 

100-48 

The percentage of baryta (14-67) differs but slightly from that nqninl 
by theory (15-00). Uianocirdte forms the tifth member of this istariil^ 
group. It is curious to find that half a century ngo Berielioa detected tbt 
preeence of baryta as well bb lime in specimens of the " uraniuw-tnica " rf 
AutuQ, while later mineralogists have found lime only. 

Keui LocaUtiei of MincraUin ScoUand, — Profetaor Heddle, ofSt. Andnv'lt 
has met with quite a number of minerals in a block of gmnite, which «M 
being used for building purposes near Tongue, in Sutlierliindahii«. Ba t»- 
cognized the presence of amaaon stone (a yariety of ortboclase fsbpai, eft 
bright green colour), in isolated and twinned cryatals, cleavelandilBi hfi* 
domelane, pinite, fluoiite, sphene, zircon, magnetite, ilmenite, altll' 
smoky quarti, and a mineral which has been shown to be tborita ftm 
iota orangite. On a part of the surface of the block, about three iqi 
feet in area, twelve large cryatala of amozon stone were seec, eight of tfaps 
being unbroken and perfect; one crystal of this mineral attained tbe li 
of ICJ inches, and measured 10 and 6 inches in the other diructioiM. Tb> 
block appears to have come from Ben Laoghal, a few miles inland to th» 

JJuHtmine. — This new mineral, a cryatallieed lellurjde of gold wtiA 
occurs at Nagyiig, and to which Krenner gave the name of BimMmiU, i» 
now to hear the altered name of JtuTUeniiie, as the former term had alna^ 
been applied to a native oxide of nickel met with at Johanngeorgeartait 
Bunseoine occurs in small grey rhombic crystals on quartz. ItA chanonl 
constitution is not yet made known, but the analytical rosulta uhtainad fcf 
Wurtba will shortly be published. — Aanalen tier Phyiik imd CAenw, 1877. 
i.036. 

BotiiSiU.—A. new rhombic or moooclinic mineral, to wtiich tliis tun 
been given, has been found by Psjjkull at Stockhoe, near Urarig, tmot 
with erdmanni' ^nophane. It hns a black, or browniah-bladt 
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loitf, a waxy or vitreous lustre, and when in thin flakes is feebly trans- 
xat The hardness is 5-5, the specific gravity 3-2S, and the analytical 
mltB pomt to the formula 3(CaO, FeO), 2SiO„I!ftO„ as represunting its 
Daporition.— FtrA. Geolog. Vereitu Slockholmi, iii. 220. 
SphaerocabiUtiie. — Weiahach has given this name to a new inemher of the 
ite group occurring at Riechelfidorf associated with the beautiful mineral 
welite. It is found in spheroidal masses, block on the exterior, hut ex- 
ihiting on the interior the fine red colour of erytbrile (cobalt arBenate 
fdrate). It poasesses the specific gravity of 4'03 and tie following coin- 
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I is therefore a cobalt carbonate Jahrhuch fiir Mmtraiogie, 1877, 409. 
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The Tei^?ume. — During the recent xesaion of the British Associatiou at 
mouth, the lion's shore of attention was unquestionably given to the 
Wherever the iusLrument was to be exhibited — whether in the 
n the Mechanical sections, or at Mr. Preece's popular evening 
-there were always crowded audiences eager to learn something 
novel an apparatus At the unria, too, the telopbone atood above 
rOytbing else as the centre of attraction ; and knots of people were crowded 
ind the instrument, anxious to converse with friends in distant apart- 
The interest in this subject culmiuated in the arrival of Professor 
the inventor of the " talking telegraph." 
Vx. Bell is a native of Edinburgh, who emigrated to the New World, 
td settled first in Montreal, and afterwards at Boston. Following bis 
father's profession as an ulocutionist and teacher of the deaf and dumb, he 
had been led to study with great care the manner in whitb air is thrown 
into vibration by the vocal cords, and the way in which these vibrations 
are received by the organ of hearing. By experiments on a dead human 
ear, be conceived the possibility of tbrowinj? a. membranous disc, or arttfi- 
dal drum, into a state of vibration by the voice, and of transmitting these 
vibrations along an electric wire. His early expriments, made five years 
ago, were the very reverse of successful ; but by successive modifications he 
so improved the instrument that he was able to e;ihibit at the Centennial 
Exhibition last year a telephone worthy of Sir William Thomson's notice. 
It was to this instrument tbat tbe Glasgow professor referred when ad- 
dresung the Physical section of tbe British Association at last year's 
meeting. 

Since tlie close of the Philadelphia Exhibition, the development of tbe 
telephone baa occupied rrolesaor Bell's constant attention. Every part of 
the apparatus has been modihed again and again, and even the instrument 
which be exhibited at Plymouth will probably be superseded in due course 
,. hj improved forms. But in its present state — immature as the inventor 
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believes it to !»— it is yet csp&ble of reoderitig diBtii]Cl3y tbe 
even the cougb or sneeze, of a pereoD thirtj or fort;r nule* dUbtnt. Ad 
the murel of all tliia i« preaUy enhanced when one Be«« the eitremeBBi' 
plicity of the appmatuB by wHch eucb extiautdinuy reaultd ate bioiiglu 
about. A small Diabogany cylinder, which can bo easily carried in t3» 
pocket, and is strongly suggestive of a stethoscope, contaiiiB all the me- 
chanism ; aothing indeed is viuble outside escept a moathpiece ci om 
end, and a couple of binding-wrewa at the other. Muroover, thii mad« 
little bit of apparatus serves equally for the transmitter and for tlie tttNim 
of the sounds. You first speak through the mouthpiece, and then tmufs 
it to the ear and listen for the reply. Even the interior of the wooiai 
cylinder is simple in the extreme. Near to the moutbidece then- a « small 
disc of thin sheet-iron, which ie thrown into ribration by the ^lace. TliM" 
vibraliona ore executed in Iront of a soft-iron core attached tu one pole ti 
a permanent bar-magnet, and surrounded by a small coil of No. SS nU- 
covered copper wire, one end of which is connected with the tino-wir*i 
while the other end communicates with the earth. The petmanent nugset 
induces a magnetic field all round it, and attracts the iron diapbngn. 
When this disc vibmtes, the condition of the magnetic field is affected, ud 
a current is consequently induced in the coil; the strength of the cimnl 
depending upon the amplitude and form of the vibrKtioDB. Each indmad 
current traverses tlie tiue-wiie, and passing through the coil of the receinof 
instrument, altei-s the magnetism of iu core i thus iucreasiug or diminldiiaf 
its attractive effect on the iron disc, which is therefore thrown into a »tW 
of vibration. The vibrations of the receiving diaphragm are oswjnwd a 
perfect unison with those at the transmilting station, and consequently AWT 
Bjund uttered iit one end, even to the nicest modulation of the voice, i«n- 
produced at the otiier end. 

Many of those who experimented with the telephone at I'lymouti, uJ 
failed to get very audible replies, may have concluded that it is bt baa 
being a trustworthy instrument. But it should be borne in mind ibt 
Bell'a instrument is so extremely sensitive, that whun in connection *idi 
a telegraphic line, the currents along the neighbouring nirca induco e<l^ 
rents in the coils of the telephone, uud the oscillatbg disc th<^n prodoiM * 
hum which almost overpowers the voice. In the United States, hwweMf, 
the apparatus is in practical use, instruments on Bell's principle bMIl 
worked in New York, in Boston, and in Providence. At Plymouth *«rt" 
messages were sent from one part of the town t^i another ; and in sou * 
the deep Comisii mines conversation has since been carried on between t^ 
bottom of the shaft and the eurfsce. Mr. Edison, of New York, has afll*!"* 
certain improvementa in Profesitor BeU's apparatus ; and Mr. I'reeOs 1^ 
us that, with this improved form of telephone, words huvo been disbwlll 
heard through a resistance equivalent lo a distance of a Ihousund milM of 
wire. In the face of these resulu, no one will dare to eay that ural Ml* 
graphy is not an accomplished fact. 

While Bell's telephone is at present unique as an apparatus for the tiau* 
missiou of articulate speech, it need hardly be said that thow are mt«»1 
other forms of telephone capable of transmilting musical noian, though oA 
distinct words. Such, for example, is Sir. C. F. Varlej's Insl 



I ncenllj been working m LodiIoq, and haa conveynd muucal soui 

n tlie Canterbury Hall nnd the Queen's Theatre. Mr. Vsrley's 

Tentiou dates buck to 1870, when he patented n method, or rather eeveral 
methods, nbereb; be could seed rapid electrical undulations along an or- 
diiiuy telegraph line, and reproduce these undulations as audible sounds at 
the other end. A tuaing-furk, with one leg longer than the other, and 
baving its Bhaok connected with a battery, is caused ti vibrate between ■ 
pair of electro-magnets. The vibratioos generate raonientary currents in 
the two primaries o£ an induction-coil, which are also connected with the 
liattery. These currents ia the primaries induce a succeamon of alternate 
currents or electric undulations in the aocondajy coil; and by means of a 
tignalling'key these undulations are caused to altei-uately charge and dis- 
charge a coodecser attached to the line. Hence a series of electric waves 
are caused to traverse the line, in unison with the vibiationa of the fork. 
Or instead of the fork, a vibrating reed may be employed. The undulations 
which are thus transmitted are received at the opposite end of the line by 
an apparatus called a ci/map/ien, of which several different forms are de- 
scribed by the inventor. If the currenta pass round a helix containing an 
iron rod, the latter is caused to vibrate ; or if the coil contain a monetized 
tianuonium tongue, this in lilce manner will vibrate, and in either case 
muwcal sounds are produced. Again, if the currents circulate through a 
wire helix which encloses a hard-drawn iron or steel wire, stretched over 
bridges on a sounding board, the wire is magnetized whenever a 
passes through the coil, tmd is alteruateiy attracted and repelled by a pur 
of electro-maguets, one on eacb aide of the wirej the vibrating wire then 
emits sounds similar to those of the oscillating tuning-fork at the transnut- 
ting station. Moreover, it is possible to obtain a musical note by the rapid 
charge and discharge of a condenser at tlie receiving end, In any of these 
ways audible sounds may be obtained, corresponding with the vibrations of 
a luning-furk or of a reed at the distant end of a telegraphic line. 

During the years 1874, 1875, and 1876, patenU for various forms of tele- 
phone were obtained in this country by Mr. Elisha Gray, of Chicago.-^ 
Without entering into the details of the mechanistn by which the patentwl 
sends a succesmon of electric impulses along a telegraphic line — as by tha W 
vibration of a series of tuning-forks of different pitch — it is sufficient t 

extraordinary form of his receiving apparatus. This curious 
lometimes c^led the " pb}*siological receiver,'' fi 
which will be obvious on expliuning ite action. It consists of a small 
cylindrical box of thin wood, with one face of sheet »inc slightly bulged 
out, and having an air-hole in ihe centre. The box is mounted on a hori- 
zontal axle, by which it can he rapidly rotated in a vertical plane. The 
electric current from the line passes, in most forms of this telephone, to the 
primary wire of an induction coil, and thence to the earth. One end of the 
secondary wire of this coil is connected with the axle of the receiver, and 
ibence with the zinc face, while the other end of the wire is held in the 
hands of the operator. With one finger of that hand he presses upon the 
zinc disc, while be rotates the apparatus with the other hand. On the 
passage of an induced current, which is thus forced to pass through the body 
of the operator, who is in the secondary circuit, a distinct musical note is 
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emitted bj the reaODBnt box, corresponding witli that of the vibntiia 
at the transmitting stntinn. A mere itccident suggested in the first fa 
this remarknble form of apparatus, and the IUboit of its actioii rtUl 11 
extremely obscure. 

'U'hilEt English and Ameiican electricians have tbu« been bu<yinjtfl 
selTea with tb« telephone, the subject has by no means been neglee 
the Continent. Thua M. Paul de la Cour, of the Meteorological Inttitafe 
at Copenhagen, has constructed several forms of telephone, which bare 
been successfully worked on some of the Danish lines. A tanin^oth is 
placed in a horizontal position, with ita shank connected by means of a ng- 
nalling key with the transmitting battery. On vibration of the fork, one 
leg cornea in contact with a metallic spring, whereby conuectjon ia mo- 
mentarily established with the line-wire. By rapidly making and breaking 
contact, a series of intermittent currents will be tmnsniittM to the receiring 
inatrumenL This consists of a soft iron tuning-fork with each leg sur- 
rounded by a helix of silk-cavered capper wire. On tbe passage of a correot 
through the bobbins, the encloaed legs are luagnetized. But in front of the 
legs are two electro-magneta, round which the current is also caused to cir- 
culate; and as it ia so arranged that the legs acquire oppoaita polarity, 
attraction ensues, and the legs are consequently pulled out each time tfaa 
current passes. The rapid movements thus produced by intermittent cur- 
rents throw the surrounding air into vibration, and produce a note of tbo 
same pitch as that of the oscillating fork at the transmitting end of th« 
line. If several instruments are employed, a number of disuncl signals may 
ba eimultaneouslj transmitted along a nngle wire ; for the intermittent 
current acts only on the particular fork which ia in unison with that at the 
other end, and which is therefore competent to take up the vibrations. 

Aa the telephone promises to become of great practical value, it is interesl- 
ing to look back upon the earliest form of the instrument, and mark iti 
relation to the later forma of apparatus. There can be no doubt that ths 
oldest telephone is that which was invented in 1861 by Professor R^m, of 
Fried richsdorf, near Homburg. This is in fact the parent of all the recent 
telephonic brood. In using Itelss's instrument the operator ange through a 
mouthpiece into a wooden box, and thus throws into vibration a thin mem- 
brane, which is stretched across a large aperture in one side of the hot. 
The membrane carrlea a small metallic disc connected with a battery, bbJ 
every time this disc oscillatea it comes in contact with a little platinum 
point attached to the wire of the telegraphic line. Contact is thus fre- 
quently made and broken, and a rapid succession of currentA is consequently 
transmitted. The cun'ents circulate around the helis of an electro-magnet 
at tbe receiving station, where they magnetixe and demagnetise the en- 
closed bar more or less rapidly, according to tbe character of the note. But 
this rapid magnetixation and demagnetization give rise to molecular changea 
in the bar, which produce n musical note t it ia in fact tbe " galvanic music " 
which Page discovered in America forty years ago, but which remained nn* 
utilised until Professor Reiss suggested this application, 

Although Rmss is fairly entitled to be called the inventor of tbe tele- 
phone, it is worth noting, as an historical curiosity, thai the invention had 
icipated BBveral yean earlier. Dr. Paget Biggs haali 



" Nature." calling Mtention to n curious pusage in the " Expose dei Appli- 
c&tioDS de I'EIectriciti^," bj M. Le Comte da Moncel. In this work. dKt«d 
I8G7, the author reten to a fiiend'a predictJOD of tb<^ possibility of transimt' 
ting tpeech by electricity, but regarda it of couree aa simply a wild dreau, 
WAtcely worth mentioDiiig, " Imagine," saya this far-aeeing friend, " that 
one speoiu ne&r a mobile pUte, dexible enough not to lose any of the vibra- 
tiona produced by ihe voice ; that this plate establishes and interrupts 
Bucceasively the conununication with a bfitt«iy. You would be able to have 
at a distance auother plate which would execute at the same time the same 
vibrations.'' Here then b a clear foreshadowing of the principle not merely 
of Ibe tone telegraph, but of its highest development — the talking-telegraph. 

After all, there is nothing new under the sun — even in telephones. 

A New FJtotom^ric Unit. — In comparing one source of illumination with 
another, it is of drst importance to possess some standard unit by which the 
comparison may be made with scientiGc accuracy. To test the illuminating 
power of coal-gas, use is generally made of a photometric standard, which 
has been defined by Act of Parliament as a sperm-candle of six to the 
pound, consuming 120 grains of sperm per hour. For example : " 14-candle 
g$B " is gas which gives a light equal to fourteen of these standard candles. 
But it is impossible to get candles uniform in composition and in structure 
of the wich, while the amount of light which a given candle emits varies with 
the temperature and pressure of the surrounding atmosphere. Hence a good 
deal of uncertainty hangs over all photometric detemunations. Mr. Vernon 
Harcourt, one of the Metropolitan gas-referees, bos recently devised a new 
unit of light for photometric purposes, which he believes will satisfy all the 
conditioQS required for a trustworthy standard Uame. The combustible 
uaed ought to be of delinite chemical composition, burning under simple and 
definable conditions, and affected as little as posuble by atmospheric changes. 
'Ml, Harcourt's standard is a mixture of tur with that portion of American 
ileum which distils at a temperature not above 50° C. This liquid 
-consists almost exclusively of pentane, the fifth member of the 
pvalEn aeries. To form the standard mixture 600 volumes of air are mixed 
with one volume of the liquid pentane ; the liquid rapidly Tolatilizes, and 
«n uniform mixture of air and vapour is soon obtained. This combustible 
mixture is to be burnt from a ^inch oriSce. at the rate of half a cubic foot 
per honr, under a temperature of 00° F. and a pressure of 30 inches of 
mercury. No change will be needed in llie nomenclature of photometry, 
by the introduction of Mr. Harcourt's standard -tlame ; for the new unit b 
equ&l to the old ordinary sperm-candle unit, but much more constant and 
trustworthy.— CArawca/ Ifew», Sept. 7, 1877. 

Jiam-imiib in the Solar Spectrum.— By menus of a miniature spectroscope, 
which can be carried in the waistcoat pocket, it seems possible to make 
rapid obeervatious on the proportion of moisture in the atmosphere, and 
Ooosequently to form a fair opinion as to the chance of coming rain. Pro- 
fessor Piaxsi Smyth bas described some interesting results of this kind, 
obtained during a recent journey frem Edinburgh to Lisbon. The spectrum 
of daylight b examined through a spectroscope having n very tine and clean 
slit; and as it is necessary to look through a great thickness of atmospheric 
•ir, the instrument is directed t« the oky nearest to tbe horizon. If the 



&tmo8phere ia highly clisrged with moisture, the aque<>us vapotn ^nm 
rise to B band of dark Uaea [le&r tbs red end of the Hpectrum. A ftmip it 
lines ia very cnoBpicuauF, and ma; be termed ths ravt-haiul Thi* nin* 
biuid increases in strength io po^ng (roni colder to warmer cUmattA. Tlu 
inrormatinD thus obtuned spectroscopicall; is, in some tort, equivalent to 
that derived from the readiogs of the wet^ftod-dry bulb thermometeni ml 
the subsequent calculntions neceHSOiy to determine the bj-grainetiic >t«te c( 
the otmoaphere. — Aitronom. Meg., Sept 1677. 

Chrmnnlic Aberration offtuEijf, and Perctption ofDiaancf — Xo one now- 
(t^ftf a eupposes that the humnn eve is a perfect optical in«truaitmt, at laM 
in the aenae in -which ad optician speaks of an instrument as perfect. Tha 
e;e poeseaaea, for example, decided chromatic aberration. Rays of li^t of 
diseimikr coloar ar« not bronght at once to an exact focua apon the ntin, 
but each colour has its own focal distance. Let a red object and a bine 
object, of equal mze, stand side by side, and it will be fouad that the imigca 
of these two cannot be in focua at the aame time ; therefore the two otJKt* 
appear to be uaequolly distant, or of unequal magnitude. Ileuce eatimatiM 
of distance founded on apparent magoituda are liable to be rendered flJla- 
cious hy the colour of distant objects. And, oo the other hand, estimatea of 
distance founded on colour are liable to be confused b; apparent magnitude. 
So lar as our ideas of distance are dependent on the acciuat« focuasing of 
rays upon the retina, tt is evident that a eource of error must be tbna im- 
ported into the data of our perceptions. The subject has lately b«eu rerf 
ingeniously handled by Mr. S. P. Thompson, of the University CuUeg« of 
Bristol. He enumerates the various data for forming an eedmst« of di 
which are dependent upon the eye, and not upon the limba. After diactuabg 
ths respective values of these data under various ciicumstMices, he inipuni* 
bow for they may be dependent upon the colour of au object, or upon Um 
formation of on exact focua on the retina. Mr. Thompson concludes that the 
muscular sensation ofadjuetmentoftheeye to the focus of its lenses ftffonU a 
poasiblo means of estimating distances. When binocular methods, and thuM 
dependent on association of visible form and magnilade, foil, then the aj« 
fails back upon colour as a means of effecting this. In fact, colour toay in 
some cases outweigh the evidence of binocular vision, llie chromatic aber- 
ration of the eye accounts for the well-known opinion of artiste that bloe is 
a retreating colour, and red an advancing colour. Aerial perapectivo ia u 
deed a true expression of a physical fact in the perception of distance. 31 
Thompson's paper is interesting as offering a scientific explanation of a 
empirical rules of artistic practice, relative to the eipreeuon of d 
punting.— i^^^ofopAtmf Magraint, July, 1877. 

Diatiiapnetigm of Bydrogmium. — When the late Professor Qt% 
eeeded in charging palladium with hydrogen, or in "occluding" tfaegiufl 
to form wbst he regarded as an alloy of palladium and faydrogeniuni, b' | 
was puzzled with the anomalous u^netic behaviour of the new alloy, k I 
is well known that palladium, like iron, is a magnetic tuplal; but H is I 
believed that hydrogen ia diamagnetie — that is to aay, tt is rvpollMl ii 
of being attracted by the poles of a magnet. TTonca it might bo awumvd, | 
^;>n<'r^ that the diamagnetie hydrogBn would tend to noutralite tha q 
netiam of the palladium, and that the alloy would ^otMoqiwDt]] 
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j:Tietic thiui ttie palladium in a. free state. As a matter of fact, howerer, 

B woa fouad not to be the cose. In sliort, the palladium chaigud vilh 

ndrogen was, according to Oraham, mure magnetic than in its ordinary 

Palladium ia but feebly attracted by a magnet, but the hydrogeiuied 

1 ia much more powerfullj attracted. The cause of the anomaly 

■ been a fruitful source of dispute, and hee led M. Blondlot to set to wotk 

i repeat Graham'a experiments afreah, in order to see whether the dis- 

ncy really exists. His results are in alt cases diametiicaUy opposed to 

m of Graham. In fact, he finds that the palladium, when charged with 

togen, is much lea attracted thsn when in a free state ; thus showing 

lat liydrogeninm, like gaseous hydrogen, ia diamagnetic. It is believed 

kst Graham's curious results were due to impurities in the mateii&Is mth 

"ich be experimented. — Comptet reitdut, Ixxxt. p. 68, July, 1877. 
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A One-armed Ilijdroid. — Under the name of Monaiirachium paraattum, M. 
Mereschkowsky describes (" Ann, and Mag, Nat. Hiat.," September, 1877), 
a most remnrkeble form of hydroid polyp discovered by him in the White 
Sea, where it lives at deptbsnot exceeding five fathoms, adhering to the front 
end of the shell of the common TfUina toUdvia. The hydrorhiza in this 
singular polyp is represented by a sort of membranous expansion, f^om 
which the hydranths rise, and are surrounded for about one-fourtli or ona- 
&Rh of their height by a cfaitinous tube, which the author regards as repre- 
senting the hydrocaulug. The hydranth itself is a little, nearly cylindncal 
yellowish body, about one-twelfth of an inch long, truncated above, where 
it terminates in a simple rounded aperture. The single tentacle, which is 
filiform aod very lonp, springs from one side of this primitive polyp-body a 
little above the middle. The gonophores or reproductive bodies are scat- 
tered among the ordinary hydranths, and spring, like them, from the mem- 
bmuous expansion. They have a short, thin stem, above which they are of 
an oval form, truncated above, and each of them develops in its interior a 
meduatfarm planoblasi, having (our radiating canals, each with two genera- 
tive sacs, and tiixteen tentacles. M. Meieschkowsky regards this hydroid as 
ocmatiluting the type of adistinct family of Athecata (Monobrachiidai), nearly 
«lUed to the almost equally ainguiar tor mbeHarmn of Goaae, which possesses 
two tentacles. Ha points out that both these species, which are ao scantily 
aopplied with tentacles, take up their abode in peculiar positions— Znr 
Upon the very margins of the tubes of SabdttB, and Monobrac/imm upon one 
eDd of the shells of r«ffm-E, in both eases in the spot where, by theeiertiona 
of the host, an abundant aupply of nutriment will be brought easily within 
their reach. The great development of the tentacle in MonobracMum (it is 
three or four times as long as the body) he explains by the greater amount 
of nourishment which can be applied to the support of this angle organ, 
coupled with the greater activity which it ia obliged to display when com- 
pared with the tentacles of other hydroids. FVom n consideration of the 
characters of this and other hydroids, M. Mereschkowaky comes to the con- 
elurion that the fundamental number in the hydroids is not four, as generally 
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BQpposed, but ool; two, eo that the higher Dumbera exhibited in thur 
tadea and other organs are to be regarded as S x n, and be cites 

iplps which go Car tji establish his case. When Dneren ntUDben occoi, 
as in Hydra, Tor example, thejnie due to a, certain anioant of EnippiesBono 
degradation ; thus, Byilra would hare ( 2 ■: 4) — 1 - 7 tentacle*. As tlw 
typical bitenUcalate form, we have AtrnctylU bitenltittiiata tiled, as in it the 
two tentacles are sjinmetricallj placed ; Zar aa well as Monobrachtim an 
to be regarded m degraded forma, the former having 6-4 and the latlw 4-3 
tentacles, The medusa of Lar is of a sex-radiate, and that of Monttbradimm 
of a quadri-radiate ^pe ; and the remaining two tentacles in the former geooe 
are not placed s)'mmetricaUj, but at an angle of about 130^ to each other. 

Detection of THcAmiP.— M. Tikhomiroff suggests a eew and easy method of 
detecting the presence of Trichinm in suspected pork or sausnges. Tbe old 
method, consisting in the microscopic esaminatioo of slices of tht^ suspected 
meat, mnj often lead to negative I'eeults, even when Trichmo! are present 
in abundance ; the author proposes to isolate the muscular fibres, and states 
that their examination in this condition at once reveals the preeeuoe of 
Trichaia. His process is as follows: — The flesh to be examined is cut with 
scissors into small fragments, soaked la distilled water, and then placed in 
a narrow-bottomed vessel with an approximately equivalent volume of 
chlorate of potash, and four volumes of concentrated nitric add are added. 
The whole mass is then left for half-an-hour or more, and stirred occanonaDy 
with a glssa rod. The ixagmenlfi of muscle are then washed with distilled 
water, and put into a test-tube, one-third filled mth distilled water, caxefuUy 
corked, and shaken until the muscular tissue separates into its primitive 
bundles and fibres. The examina^on of these in a watch-glass, oy the 
naked eye or with a lens, will immediately reveal the TVichims if present, 
as the fibres containing them at once attract the attention of the obserrac 
by the presence of fusiform swellings, whitish at the circumference, dadnr 
in the centre, along the primitive fibres. The microscope then easily teeU 
the correctness of thb rough investigation. — Bull. Soc. Imp. Nat. ^VmoMi, 
1877, No. 1. 

1%« Colorado Seetle. — This malevolent animal still continues to occupf ■ 
good deal of the public attention, although, after the many false alarms &at 
we have had, it is really hard to say how far the outcry in Europe i* 
justified. The little scourge has been honoured by n discourse by Mr 
McLachlan at the meetiog of the British Assodatiou. That gentlemaa 
upholds an opinion which has been commonly expressed by entomologist), 
that the heetie, if it comes to us at all, will come in a chance fashion, by 
flying on board shipping nt one of the American Atlantic ports, wherv 
it is now abundant. Dr. Andrew Wilson has written a small pamphlet 
on the insect, published by Messrs. W. & A. K. Johnstan, and illustnled 
with enlarged figures of the true Colorado Beetle and the " Bogus Potato 
Bug ; " this we have not seen, but we have been inforoied that it is good. 
— Messrs. RouUedge have reprinted one of the admirable reporta uf 
Mr. C. V. Hiley, of MiEsouii, from whose writings nearly all who hste 
lrpnl<>d of the beetle have derived a very considerable part of their in- 
formation. Enlarged drawings of the beetle may be seen stuck up in (he 
-'fldows of newspaper offices, &c,, in various parts of the town, and our 



publiBber? bftre produced nn ftdmirablu lu^ coloured figure of it, from 
the pencil of Mr. E. C. Rye.— flnnlly, Messrs. Stollwercli Brothers, of 
Cologne, have prepared wax m'jdels of thp insect in all He tta^'es, which, 
although not accurate in ever,v detail, give an excellent idea of this pigmy 

Mdatnorphom of the Draijnn Fly. — According to n nienioir presented to 
tbe French Academy of Sciences by M. Jousset de Bellsama ('' Comptes 
renduB," August 20), the weH-known enlargement of the body of the common 
dragon fly (Libei/ula deprtaa), and tbe expansion ef ita wings, aoon after its 
emergence from the akin of the pupa, are etfected in a rather aingular 
manner. The author says that the animal ncaUoici a ^eat quantity of air 
and collects it in the intestine, which is thus ^eatly distended, Glling 
almost the whole body-cavit; and pressing the othar organs against the 
akin. "Under the influence of this ene:^tic pressure," be says, "the 
blood ia driven forcibly towards the periphery, distenda the eyes, and ^ves 
the head its deflnitiTe form ; then, penetrating into the wing, between the 
two membranea which are separate up to thia moment, it accumulates 
therein, unfolds it and circulates in it. depositing the pigment which ia 
destined to colour it. At the same time the integuments, which are dis- 
I tended nud bathed by the uulritive fluid, become coloured and acquire the 

ieaary for the insect." Those statements are curious, if correct. 
HI 
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